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RELATED APPLICATIONS 

ls appiicalon claims the benefit of U.S. Provisional Application Nos. 
^8,961 filed June\s, 1996, 60/020,344 filed May 23, 1996 and 60/017,949 filed 

May 20, 1996. 

FIELD OF INVENTION 

This invention relates, in part, to newly identified polynucleotides and 
polypeptides; variants and derivatives of the polynucleotides and polypeptides; 
processes for making the polynucleotides and the polypeptides, and their variants and 
derivatives; agonists and antagonists of the polypeptides; and uses of the 
polynucleotides, polypeptides, variants, derivatives, agonists and antagonists. In 
particular, in these and in other regards, the invention relates to polynucleotides and 
polypeptides of human interleukin-1 beta converting enzyme apoptosis protease-6, 
hereinafter referred to as "ICE LAP -6". 

BACKGROUND OF THE INVENTION 

It has recendy been discovered that an interleukin-1 p converting enzyme (ICE) 
is responsible for cleaving pto-IL-iP into mature and active IL-1 P and is" also 
responsible for programmed cell death (or apoptosis), which is a process through 
which organisms get rid of unwanted cells. 

Apoptosis, or programmed cell death, is a physiologic process important in 
the normal development and homeostasis of metazoans 

In the nematode Caenorhabditis elegans, a genetic pathway of programmed 
cell death has been identified (Ellis, R.E., et al. Annu. Rev. Cell Biol., 7:663-698 
(1991)) Two -enes, ced-3 and ced-4, are essential for cells to undergo programmed 
cell death in Cele g ans (Ellis, H-VC and Horv lt z, H.R., Ceil, 44:317-829 (1986)). It is 
becoming apparent that a class of cysteine proteases homologous to Caenorhabditis 
elegans Ced-3 play the role of "executioner" in the apoptotic mechanism (Martin, S. 
J and Green. D. R. (1995) Ceil 32. 349-352: Chinnaiyan. A. a. D.. VM. (1996) 
Current Biologv 6; Henkart. P. ( 1996) Immunity 4, 195-201). Recessive mutations 
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that eliminate the fur£> of these two genes prevent normal p^mmed cell death ^ 
during the development of C. elegans. The known vertebrate counterpart to ced-3 , - , 
protem is ICE. The overall amino add Entity between ced-3 and ICE i. 28%, wi* ? 
Lion of 115 amino acids (restdues 246-360 of ced-3 and 164-278 of ICE) that shows 
Z htghest identity (43%). Thts region contatns a conserved pentapepttde, QACRG 
(.estdues 356-360 of ced-3), winch contains a cystetne known to be essenual for ICE 

function. , u 

The similarity between ced-3 and ICE suggests act only that ced-3 might 

mnction as a cysteine protease bat aiso that ICE might act as a vertebrate programmed 

cel. death gene, ced-3 arrd the vertebrate counterpart, ICE, contro, proved c= U 

o^n during embryonic deve.opment. (GagMamini. V. e, al.. Science, 263:826:328 

(1994) 

' Mutations of ced-3 and c+4 abolish the apoptotic capabtlity of ceils that 
normally die during C. embryogenesis (Yuan, I. Y.. and Horv It z. H. R. 

(1990) Dev Biol 138, 33-41). Whrle no mammaltan homologs of ced-4 have been 
drifted, ced-3 shares sequence sunrlanty w,,h in—- .b converting enzyme 
(KB (Yuan, J. et al(1993) Cell 75, 641-652), a cysteine protease invoived m the 
process and actuation o, pro-IL-.b to an active cytottne (Cerre* D P. et a. 
1992, Scrence 256. 97-100, Thomterrv, N. A.,et al (1992) Namre ,56, 768-774). 
, Recently, numerous homologs of ICE/Ced-3 have been charactered, comprising a 
new gene famrly of cysteine proteases. To date, seven members ot the ICECed-, 
family bave been identified and tnclude ICE (Cerrett., D. P., et al (1 92 Science 
256 97-100), TX/ICH2ACE rel-E (Munday, N. A., et al (1995) J Btol Chem 270, 
.5870-.5876: Fauche, C. et al. (1995) Embo I 14, 19,4-1922: ICamens. 1 et 

. , -.-7(1 1^150-15^561'') ICE rel-ffl (Munday. N. A., et al 

15 al.(1995) J Biol Chem 270, 13-.50 ,,,00^ 
(1999) J Biol Chem 270, 15870-15876), ICHl/Nedd-2 (Kumar, S.. et al. (1994) 
Oenes and Development 8, 1613-1626: Wang, U e. al. (1994, Cell 78, 739-750), 
Y ama,CPP32,Apopain (Tewan, M.. =t al. (1995) Cel. SI. 80,-809: Fernandes 
Alnemr, T„ e, al. (,994) 1. Biol. Chem. 269, 3076,-30764: Nicholson. D. Wet aL 

^6 37 43, Men- Femandes-Alnemn, T.. et al. (1994) J. Biol. 
30 (1995, Nature ji6. j7-4j), .vicn- r=i 

Chem. 269. 30761-30764) and ,CE-L.^3 / Mch3/CMH- 1 (Duan. H.. « al. (1996, ,. 



Bid Chem. 27i#M3-35035; Femandes-Alnemn. T.. £l. (>995) Cancer 
Research 55 6045-6052; Uppke. J. A.. « al. (1996) The Journal of Biologtcal 
chemis!rv , 7 i 1823-1828). All family members share sequence homology with 
ICE/Ced-3 and contain an active site QACRO pentapepude in winch me cysteine 
residue ,s catalytic. Ectopic expression of the* proteases m a vanety of cells causes 
apoptosi, Phy.ogenetic analysis of me KB^-i gene famrly revealed 

,^u- ■ ,„„ A a D VM (1996) Current Biology 6; uan, H., et ai. 
subfamilies (Chinnaiyan, A. a. D., v.vi. k 

(1996) J Biol. Chem. 271. 3SO13-35035). Yama, ICE -LAP3. and Mch2 are Cose* 
rel ated to C,U g ans C=d-3 and comprise the Ced-3 subfarmly. ICE and the ICE- 
rel ated S enes. ICE rel U, and ICE rel IE form the ICE subfamily, while ICH1 and us 
mouse homologue, NEDD-2 form the NEDD-2 subfamtly. Based on stmilartues 
W1 th the structural prototype interleu*n-lb converting enzyme. ICE/Ced 3 fanuly 
members are synthesized as zymogens that are capable of betng processe to orm 
acuve heterodimeric enzymes (Thomberry, N. A..et al (1992) Nature **. 768-7 4). 
B wiU be tmportant to determine whtch famrly members are m fact acttvated tn 
response to apoptotic stimuli. Previous snrdies have demonstrated that aro-Yama 
and pro- IC E-LAP3 are processed tnto active subumts in response to vanous death 
stimu ,i tncluding engagement o, Fas/APO-1 or treatment with staurosponne (Duan 
H et al (1996) J. Biol. Chem. 271. 35013-35035; Chinnaiyan. A. M., et al. 1996) 
, JoU mai of Biological Chemistry 271. 4573-4576, Further, the serine protease 
granzyme B. one of the ma.or effectors of cytotoxtc T =eU-mediated 
shown to directiy actrvate Yama (but not ICE), in (Quan. L. T.. et al. (1996) 
PNAS 93, in Press; Darmon, A. J., et al. (1995) Nature 377, 446-448). 

ICE mRNA has been detected in a variety of tissues, including peripheral 
5 blood monocytes, peripheral biood iymphocytes, peripheral blood neutrons, resting 
' and activated peroral blood T lymphocytes, placenta, the B ,ymphob,asto.d Une 
CB23 and monocyttc leuxemta ceil l.ne THP-1 cells (Cerrettu D.P., et al., Cence, 
,56-97- 100 1 1992)). indtcanng that ICE may have an additional substrate tn addiuon to 
"ro-lL-lp- The substrate that ICE acts upon to cause ceil death ,s presendy unsown. 
30 One poss.b.ltty ,s that ,t may be a vertebrate homolog of the C. ceil dead, gene 
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ced-4. Alternativel^E might directly cause cell death by j^olytically cleaving 
proteins that are essential for cell viability. 

The mammalian gene bcl-2, has been found to protect immune cells called 
lymphocytes from cell suicide. Also, crmA, a cow pox vims gene protein product 
5 inhibits ICE's protein splitting activity. 

Clearly, there is a need for factors that are useful for inducing apoptosis for 
therapeutic purposes, for example, as an antiviral agent, an anti-tumor agent and to 
control embryonic development and tissue homeostasis, and the roles of such factors in 
dysfunction and disease. Further, there is clear a need for factors that are useful for 
10 reducing or halting apoptosis for therapeutic purposes, for example, to treat diseases 
caused or associated with apoptosis, such as, particularly Alzheimer's disease, 
Parlanson's disease, rheumatoid arthntis, septic shock, sepsis, stroke, chronic 
inflammation, acute inflammation, CNS inflammation, osteoporosis, ischemia 
reperfusion injury, cell death associated with cardiovascular disease, polycystic Itidney 
15 disease, apoptosis of endothelial cells in cardiovascular disease, degenerative liver 
disease, MS. ALS, cerebellar degeneration, ischemic injury, myocardial infarction, 
AIDS myelodvsplastic syndromes, brain damage, aplastic anemia, male pattern 
baldness, and head injury damage. There is a need, therefore, for identification and 
characterization of such factors that are interleukin- 1 beta converting enzyme 
20 apoptosis proteases, and which can play a role in preventing, ameliorating or 
correcting dysfunctions or diseases. 

SUMMARY OF THE INVENTION 

Towa\ these ends, and others, it is an object of the present invention to 
JLe polypepWes, inter alia, that have been identified as novel ICE LAP-6 by 
homology berwe\the amino acid sequence set out in Figure 1 or the polypeptide 
encoded by the debited clone and known- amino add sequences of other proteins 
such as those sequenced set out in Figure 2. 

It is a further object of the invention, moreover, to provide polynucleotides that 
30 encode ICE LAP-6, parn\larly polynucleotides that encode the polypeptide herein 
designated ICE LAP-6 and ^polynucleotide of the deposited clone. 

-4- 




In» a panicul ^preferred embodiment of this aspect ggie invention the 
(olynucleLe compSthe region encoding human ICE LAP-oWforth in Figure 3 
In accordance with this aspect of the present invention there is provided an 
5^ isolated audi acid molecule encoding a mature polypeptide expressed by the human 
5 cDNA in Fig\e 3, or derived using the primers set forth in Example 1, or a 
polynucleotide loding the polypeptide in Figure 1 or derived from the polypeptide 
encoded by the debited clone. 

In accordance with thU aspect of the mvention there are provtded .solated 
nucleic actd molecules encoding human ICE LAM. deluding mRNAs. cDNAs, 
10 .enomic DNAs and. in further embodiments of this aspect of the mventton, 
biologically, diagnosucally, clinically or therapeutical useful vanants, analogs or 
derivatives thereof, or fragments thereof, including fragments of the vanants, analogs 
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ivatives. 

Among the particularly preferred embodiments of this aspect of the invention 
are naturally occurring allelic variants of human ICE LAP-6. 

It also is an object of the mvention to provide ICE LAP-6 polypeptides, 
particularly human ICE LAP-6 polypeptides, that may be employed for therapeutic 
purposes, for example, to treat vind infection, as an anti-tumor agent and to control 
embryonic development and tissue homeostasis. 

In accordance with this aspect of the mvention there are provided novel 
polypeptides of human origin referred to herein as ICE LAP-6 as well as biologically, 
diagnostically or therapeutically useful fragments, variants and derivatives thereot, 
variants and derivatives of the fragments, and analogs of the foregoing. 

Among the particularly preferred embodiments of this aspect of the invention 
are variants of human ICE LAP-6 encoded by naturally occurring alleles of the human 

ICE LAP-6 gene. - 

It is another object of the mvention to provide a process for producing the 
aforementioned polypeptides, polypeptide fragments, vanants and derivatives, 
fragments of the vanants and denvatives, and analogs of the foregoing. 

In a preferred embodiment of this aspect of the mvention there are provided 
me thods for producing the aforementioned ICE LAP-6 polypeptides composing 
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cultunng host ceUsAg expressibly incorporated therein a^genously-denved 
human ICE LAP-6-enKdbg polynucleotide under conditions for expression of human 
ICE in the host and then recovering the expressed polypeptide. ICE LAP-6 

m ay also be punfied from natural sources using any of many well known techniques. 

I„ accordance with another object the invention there are provided products, 
composuions, processes and methods that utilize the aforementioned polypeptides and 
polynucleotides for research, btoWcal, clinic* diagnostic and therapeutic purposes, 

inter alia. 2 ~ 

m accordance with certain preferred embodiments of rata aspect of the 

invention, there are provided products, composes and methods, **, alia .tor. 
among other thtngs: assesstng ICE LAP-6 expression in cells by determining ICE 
LAP-6 poivpeptides or ICE LAP-6-encoding mRNA; as ah anttvtral agent, an anu- 
mmor agent and to control embryonic development and issue homeostasis in v,r ra « 
v ,vo or in v.Vc by exposing ceUs to ICE LAP-6 polypepddes or polynucleoudes as 
, disciosed heretn; assaytng genetrc vananon and aberrations, such as detects m 

LAP.S ™es- and administering an ICE LAP-6 polypeptide or polynucleoude to an 
onanism to augment ICE LAP-6 function or remediate ICE LAP-6 dysfunction 
Agonists targeted to defecuve cellular proliferauon. tncluding, for example, cancer cell 
Jd sohd rumor ceil prohferanon. may be used for the treatment of these disease, 
,0 Such targeting may be acMeved via gene therapy using anubody fustons. Agontsts 
may also be used to treat follicular lymphomas, carcinomas associated wuh p=-> 
mutattons. autoimmune disorders, such as. for example. SLE. immune-mediated 
glomerulonephritis; and hormone^ependent tumors, such as, for example, breast 
cancer, prostate cartcer and ovary cancer, and vual infecttons. such as, for example^ 
^5 herpesviruses, poxviruses and adenoviruses. 

In accordance with certain preferred embodiments of this and other aspects of 
the mvenuon there are provided probes that hybrrdize to human ICE LAP-6 sequence, 
„, certain addiuonal preferred embodiments of thrs aspect of the invenuon 
mere provided anufcodtes agatnst ICE LAP-6 colypepudes. In certain pamcularly 
preferred embodiments tn tins regard, the anubodies are Mghly selecuve for human 
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I„ accordantAi another aspect of the present inventi^here are provided 
ICE LAP-6 agonists. Among preferred agonists are molecules that mimic ICE LAP-6, 
to bind to ICE LAP-6-binding molecules or receptor molecules, and that ehct or 
augment ICE LAP-6-tnduc=d response, Also among preferred agonists are molecules 
to interact with ICE LAP-6 or ICE LAP-6 polypeptide, or with other modulators of 
ICE LAP-6 activities and/or gene expression, and thereby potentiate or augment an 
effect of ICE LAP-6 or more man one effect of ICE LAP-6. 

to accordance with yet another aspect of the present Invention, there are 
provided ICE LAP-6 antagonists. .Among preferred antagonists are those which mtmtc 
ICE LAP-6 so as to bind to ICE LAP-6 receptor or binding molecules but not ehcu an 
ICE LA P-6-induced response or more than one ICE LAP-6-mduced ^ 
among preferred antagonists are molecules mat b,nd to or .nteract w,th ICE LAP, so 
as to Ibit an effect of ICE LAP-6 or more than one effect of ICE LAP-6 or wluch 

prevent expression of ICE LAP-6. 

to a further aspect of me invention there are provided compositions compost g 
an ICE LAP-6 polynucleotide or an ICE LAP-6 polypeptide for administration to cells 
h v.rr* to cells « Wv„ and to cells ,„ vivo, or to a multicellular organism. In cercam 
particularly preferred embodiments o, this aspect of the invention, the compositions 
omprise L ICE LAP-6 poiynucleotide for expression of an ICE LAP-6 
,„ a host organism for treatment of disease. Parucularly preferred tn this regard is 
session m a human patient for treatment of a dysfunction associa«d wtth aberrant 
endogenous activity of ICE LAP-6. 

Other objects, fearures, advantages and aspects of me present invention wtU 
■ become apparent to those of s*ll tn the art & om the following descrtptio, - It s^d 
he understood, however, that the followtng descnption and Che speofic examples 
while .ndicating preferred embodiments of the invention, are gtven by way o 
iUustration od, Vanous changes and modifications wvthin the sptrtt and scope of the 
dtsclosed mvennon w,U become readily apparent to those sfclled in the art from 
re adin- the following descnpuon and from reading the other parts of the present 
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BRIEF DES^PTION OF THE DRAWINGS _ 

The following drawings depict certain embodiments of the invention. They are 
illustrative onlv and do not limit the invention otherw 1S e disclosed herein. 

Figure 1 [SEQUEVCE ID NO. 1] shows the predicted amino acid sequence of 
Lnan ICE LAP-6. The \ve s.te pentapepude QACGG i, underlined. Putauve 
arrunoacxdCAs^cleavagesi^areindicatedwithboldletters. 

- Hsure 2 shows a sequence alignment of loxown members of the mammahan 
KE/«J f-ly and the C. eie g ans gene Ced-3. The pentapep.de QACRG * 
hexed Based on the x-ray crystal st^crure of ICE, the conserved rescues mvolved 
in catalvs* are marked wi* filledVcles; filled tnangies represent ^he bmdmg 
pock* ; 0 r the carboxylate of the PI A^d scares indicate the rescues accent 

to the P^-P4 amino acids. _j \ 

Figure 3 [SEQUENCE tt> NO. 2] W a nuclei, acid sequence of human 

ICE LAP -6 \ 

Figure 4 [SEQUENCE ID NO. 3] sLws a nucleic ac ld sequence variant 

derived from human ICE LAP-6. \ 

Figure 5 [SEQUENCE ID NO. 4] sho\s an amino actd sequence vanan. 

derived from human ICE LAP-6. \ 

Figure 6 shows phylogeneuc analysts of the iWi gene famny. 

F^re 7 shows MCF7 the results of an ankysrs of breast carcinoma cells 
transtenj transfected demonsrradng that over-express\rof ICE LAP-6 mduces cell 
death in mammali 
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GLOSSARY 

Tne followmg illusive explanations are provided to facilitate understanding 
„, certam terms used frequently hereu, p— y ,n the examples. The explanauons 
are provtded as a convemence and are not Urrutauve of the invent™. 

DIGESTION of DNA refers to catalyuc cleavage of the DNA with a restncuon 
enzyme that acts only a, certam sequences in the DNA. The various — 
Hes referred to heretn are _al,y ava^e and thetr 
factors and other red— s for use are Known and routtne to the sWled amsan. 
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For analyti^urposes, typically, 1 ug of plasmid ^)NA fragment is 
digested with about 2 units of enzyme in about 20 ui of reaction buffer. For the 
purpose of isolating DNA fragments for plasmid construction, typically 5 to 50 ug of 
DNA are digested with 20 to 250 units of enzyme in proportionately larger volumes. 

Appropriate buffers and substrate amounts for particular restriction enzymes 
are described in standard laboratory manuals, such as those referenced below, and they 
are specified by commercial suppliers. 

Incubation times of about 1 hour at 37°C are ordinarily used, but conditions 
may vary in accordance with standard procedures, the supplier's instructions and the 
particulars of the reaction. After digestion, reactions may be analyzed, and fragments 
may be purified by electrophoresis through an agarose or polyacrylamide gel, using 
well known methods that are routine for those skilled in the art. 

GENETIC ELEMENT generally means a polynucleotide comprising a region 
that encodes a polypeptide or a region that regulates transcription or translation or 
other processes important to expression of the polypeptide in a host cell, or a 
polynucleotide comprising both a region that encodes a polypeptide and a region 
operably linked thereto that regulates expression. 

Genetic elements may be comprised within a vector that replicates as an 
episomal element; that is, as a molecule physically independent of the host cell 
genome. They may be comprised within mini-chromosomes, such as those that arise 
during amplification of transfected DNA by methotrexate selection in eukaryotic cells. 
Genetic elements also may be comprised within a host cell genome; not in their natural 
state but, rather, following manipulation such as isolation, cloning and introduction 
into a host cell in the form of purified DNA or in a vector, among others., 

IDENTITY or SIMILARITY, as known in the art, are relationships between 
two polypeptides as determined by comparing the amino acid sequence and its 
conserved amino acid substitutes of one polypeptide to the sequence of a second 
polvpepude. Moreover, also known in the art is "identity" which means the degree of 
sequence relatedness between two polypptide or two polynucleotides sequences as 
30 determined by the identity of the match between two stnngs of such sequences. 
Both identity and similarity can be readily calculated (Computational Molecular 
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Bio lo S y. Us,. A.M..#o«-or d Unrversity Press, New York. • 
H Hula New -ey, — — 

von He, n) e G Academic Press, 1987; and S*«c. />~-r. Gnbskov M. 

J eds M Stockton Press, New York, 1991). Whrle there extst a 

^th^ measure tdenttty and scanty between two polynucleot.de 
number of methods ^ ^ ^ „ 

r ^ sr — — - °- -r: 

Stockton Press New York, 1991; and CariUo, H., andLipman, D-, SIAM J. AfpU. 
«T « (19SS). Methods commonly employed to determine Idenuty or 

* 10 ' 0 ' s - M but are not limited to disclosed m Carillo, 

H.. and Ltpman D„ SIAM^*P ^ ^ ^ 

aud — are codifced in computer 

Jt£L -pu.er program methods to determtne tdenttty and scanty 
programs. Preferred P ^ ^ t 

between two sequences mclude, but are 

mevereux I., et al., Nucleic Acids Research 12(1). .87 (198 ». 
„ BLMTN PASTA (Atschul. S.P. e. al.. , Volec. «oL 215: 403 (1990,). 

SOLATED means altered "by the hand of man" from its nautral state; ,e 
thaI , occurs * narure. It has been chan g ed or removed from .ts 

a — occurrrng polynudeotide or a polypepdde — 
VvL animal in its natural state >s not "isolated." but the same 

. ... , t h- as the term is employed herein. For example, with respect 

. 0 - tllTtT:— such polynucleottdes can be ,ot„ed to other 

polynucieoL. such as DNAs. (or mutagens, to form fuston prote.ns. 



- 10 



10 



ipn 

iff! ! 



propagation or espre# in a hos, for tnstance. The isolated p^cleotides. alone 
or joined to other polynucleotides such as vectors, can be introduced into host cells, rn 
culture or tn whole organtsms. Introduced into host cells in culture or in whoie 
or.atus.ns, such DNAs still would be tsolated. as the term is used herein, because they 
would not be in their naturally occumng form or environment. Sttnuarly. the 
polynucleotides and polypeptides may occur in a composition, such as a medta 
formulations, solutions for introduction of polynucleotides or polypeptides, or 
example, in. celis. compositions or solutions for chemical or enzymatic reactions, for 
instance, whtch are not naturaUy occurring compositions. a*d, therein remain tsolated 
Polynucleotides or polypeptide witMn the tneatung of that term as U ts employed 
herein. 

LIGATION refers to the process of forming phosphodiester bonds between 
wo or more polynucleotides, which most often are double stranded DNAs. 
Techniques for ligation are well known to the art and protocols for ligation are 
descrfted in standard laboratory manuds and references, such as, for tnstance, 
Samoroolc e. a,, MOLECULAR CLONING. A LABORATORY MANUAL, 2nd Ed., 
Cold Spring Harbor Laboratory Press, Cold Spnng Harbor. New York (1989, 
(••Sambroolc-) and Maniatis et al.. pg. 146, as cited below. 

OUGONUCLEOTIDE(S) refers to relatively short polynucleotides. Often the 
term refers to smgle-stranded deoxyntouucleotides, but it can refer as well to stngle-or 
double-stranded ribonucleotides, RNA:DNA hybrids and double-stranded DNAs, 
among others. 

Oligonucleotides, such as smgle-stranded DNA probe oligonucleotides, often 
are synthesized by chemtcal methods, such as those implemented on automated 
oligonucleotide synthesizers. However, ougonucleotides can be made by a vanety of 
other methods, tncluding * recombtnant DNA-mediated techtucues and by 
expression of DNAs in cells and organisms. 

Mually. chemically synthesized DNAs typically are obtained wuhout a 3 
phosphate. The 5' ends of such oligonucleotides ate not substrates for phosphodtester 
bond formation by Ugafon reactions that employ DNA hgases typically used to form 
recombinant DNA molecules. *Her= ligation of such oligonucleotides is desired, a 
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phosphate can be a<0by standard techniques, such as those tt^nploy a kinase and 
ATP. 

The 3' end of a chemically synthesized oligonucleotide generally has a free 
hydroxyl group and, in the presence of a ligase, such as T4 DNA ligase, readily will 
5 form a phosphodiester bond with a 5' phosphate of another polynucleotide, such as 
another oligonucleotide. As is well known, this reaction can be prevented selectively, 
where desired, by removing the 5' phosphates of the other polynucieotide(s) pnor to 
ligation. 

PL ASMT0S generally are designated herein by a lower case p preceded and/or 
10 followed by capital letters and/or numbers, in accordance with standard naming 
conventions that are familiar to those of skill in the art. 

Starting plasmids disclosed herein are either commercially avaUable, publicly 
available on an unrestncted basis, or can be constructed from avaUable plasmids by 
routine application of well known, published procedures. Many plasmtds and other 
IS clotung and expression vectors that can be used I. accordance with the present 
invent™ are well lenown and readily avaUable to those of skll tn the art. Moreover, 
those of skrll readily may construct any number of other plasmids suitable for use tn 
the invention. The properties, construction and use of such plasmids, as well as other 
vectors, tn the present invention wtll be readily apparent to those of skill from the 

20 present disclosure. 

POLYNUCLEOTIDE(S) generally tefers to any polyribonucleotide or 

polydeoxribonucleotide, whtch may be unmodified RNA or DNA or modified RNA or 
DNA Thus, for instance, polynucleotides as used herein refers to, among others, 
smgle-and double-stranded DNA. DNA that is a mixture of single-and double -stranded 
25 regions, single- and double-stranded RNA, and RNA that is mixture of single- and 
double-stranded regions, hybrid molecules compristng DNA and RNA that may be 
single-stranded or, more typically, double-stranded or a mixture of single- and double- 
stranded regions. 

to addition, polynucleotide as used herein refers to tnple-stranded regtons 
30 cotnpnsins RNA or DNA or bom RNA and DNA. The strands in such regions may be 
from the OT molecule or from dtfferent molecules. The regions may indude all ot 
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one or more of the r#ules. bur more typically involve only + of seme of me 
molecules. One of me molecules of a tnple-helica, region often .s an oligopeptide. 

As used herem. rhe term polynucleotide includes DNAs or UNA. as described 
above that contain one or more modified bases. Thus, DNAs or RNAs with backbones 
modified for stability or for other reasons are '■polynucleoude,' as that term is intended 
herein Moreover, DNAs or RNAs compnsing unusua! bases, such as mosine, or 
modified bases, such as tritylated bases, to name just two examples, are 
polynucleotides as the term is used herein. 

U w,U be appeared that a great vanety of modifications have been made to 
DNA and R*A that serve many useful purposes known to those of skill in the art. The 
term polynucleoude as it is employed herein embraces such chemicaily, enzymatically 
or merabolicaily modified forms of polynucleotides, as well as the chemical forms of 
DNA and RNA characteristic of vu^es and cells, deluding simple and complex ceils. 
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POLYPEPTIDES, as used herein, includes all polypeptides as described 
beiow The basic strucrure of polypeptides is well known and has been descried n, 
innumerable textbooks and other publications ,n the ar, in this context, the term is 
used herein to refer to any peptide or protetn compnsing two or more ammo acids 
j0 ,ned to each other in a linear chain by peptide bonds. As used herein, the term re ers 
, to both short chains, which also commonly are referred to ,n the art as peptides, 
oligopeptides and oligomers, for example, and to longer chains, whtch generally are 
referred torn the art as protems. of which there are many types. 

ft will be appreciated that polypeptides often contain amino acids other than 
the 20 amino adds commonly referred to as the 20 namraUy occumng amino acids, 
5 and that many amino acids, including the terminal amino acids, may be mod fled m a 
-iven polypeptide, either by naniral processes, such as processing and other pos- 
Lslational modifications, but also by chemical modification techniques which are 
weU known to the art. Even the common modifications that occur naturally in 
polvpeptides are too numerous to list exhaustively here, bu, they are well desenbed ,n 
30 bas'.c texts and in more defied monographs, as well as ,n a voluminous researcn 
literature, and they are well known to those of skill in the art. 
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Among the ^^'n modifications which may be presen^^olypeptides of the 

present are, to name an illustrative few, acetylation, acylation, ADP-ribosylation, 
amidation, covalent attachment of flavin, covalent attachment of a heme moiety, 
covalent attachment of a nucleotide or nucleotide derivative, covalent attachment of a 
5 lipid or lipid derivative, covalent attachment of phosphotidyiinositol, cross-linking, 
cyclization, disulfide bond formation, demethylation, formation of covalent cross- 
links, formation of cystine, formation of pyroglutamate, formylation, gamma- 
carboxylation, glycosylate, GPI anchor formation, hydroxylation, lodination, 
methylation, myristoylation, oxidation, proteolytic processing, phosphorylation, 
10 prenylation, racemization, selenoylation, sulfation, transfer-RNA mediated addition of 
amino- acids to proteins such as arginylation, and ubiquitination. 

Such modifications are well known to those of skill and have been described in 
great detail in the scientific literature. Several particularly common modifications, 
glycosylate, lipid attachment, sulfation, gamma-carboxylation of glutamic acid 
15 residues, hvdroxylation and ADP-ribosylation, for instance, are described in most 
bas 1C texts,' such as, for instance PROTEINS - STRUCTURE AND MOLECULAR 
PROPERTIES, 2nd Ed., T. E. Creighton, W. H. Freeman and Company, New York 
(1993). Many detailed reviews are available on this subject, such as, for example, 
those provided by Wold. F., Posttransiational Protein Modifications: Perspectives and 
20 Prospects, pgs. 1-12 in POSTTRANSIATIONAL COVALENT MODIFICATION OF 
PROTEINS, B. C. Johnson, Ed., Academic Press, New York (1983); Seifter et al., 
Analysis for protein modifications and nonprotein cofactors, Meth. Enzymol. 182: 
626-646 (1990) and Rattan et al., Protein Synthesis: Posttransiational Modifications 
and Aging, Ann. N.Y. Acad. Sci. 663: 48-62 (1992). 
25 It will be appreciated, as is well known and as noted above, that polypeptides 

are not always entirely linear. For instance, polypeptides may be branched as . result 
of ubiquitination, and they may be circular, with or without branching, generally as a 
result of posttranslation events, including natural processing event and events brought 
about by human manipulation which do not occur naturally. Circular, branched, and 
30 branched circular polypeptides may be synthesized by non-translation natural process 
and by entirely synthetic methods, as well. 
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Modificauo^in occur anywhere in a polypeptide^uding the peptide 
backbone, the amino acid side-chains and the ammo or carboxvl termini. In fact, 
blockage of the amino or carboxyi group in a polypeptide, or both, by a covalent 
modification, is common in naturally occurnng and synthetic polypeptides and such 
5 modifications may be present in polypeptides of the present invention, as well. For 
instance, the amino terminal residue of polypeptides made in E. coli, pnor to 
proteolytic processing, almost invariably will be N-formylmethionine. 

The modifications that occur in a polypeptide often will be a function of how it 
is made For polypeptides made by expressing a cloned gene in a host, for instance, 
10 the nature and extent of the modifications in large part will be determined by the host 
cell postradiational modification capacity and the modification signals present in the 
polypeptide amino acid sequence. For instance, as is well known, glycosylate often 
does not occur in bacterial hosts such as E. coli. Accordingly, when glycosylate is 
desired a polypeptide should be expressed in a glycosylating host, generally a 
eukarvotic cell. Insect cell often carry out the same posrtranslational glycosylates as 
mammalian cells and, for this reason, insect cell expression systems have been 
developed to express efficiently mammalian proteins having native patterns of 
.lycosvlation, inter alia. Similar considerations apply to other modifications. 

It will be appreciated that the same type of modification may be present in the 
same or varying degree at several sites in a given polypeptide. Also, a given 
polypeptide may contain many types of modifications. 

In general, as used herein, the term polypeptide encompasses all such 
' modifications, particularly those that are present in polypeptides synthesized by 

expressing a polynucleotide in a host cell. 
25 VARIAKT(S) of polynucleotides or polypeptides, as the term is used herein, 

are polynucleotides or polypeptides that differ from a reference polynucleotide or 
polypeptide, respectively. Vanants in this sense are described below and elsewhere m 
the present disclosure in greater detail. 

(1) A polvnucleotide that differs in nucleotide sequence from another, 
30 reference polynucleotide. Generally, differences are limited so that the nucleotide 
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sciences of the r=fe# and the vartant are closely snmUar + and. in many 

reaions, identical. , 

AS noted below, changes in the nucleotide sequence of the vanant may be 
slient That i, they .ay not alter the amino acid, encoded by the polynucleoad. 
2* alterations are Umlted to snent chan 8 es of this type a variant wdl enco e a 
^ptide with the same am.no ac.d sequence as the reference. Also as noted be o. 
hies in the nucleotide sequence of the variaru may alter the am.no ac.d sequence of 
aX- encoded by *. — Nucleotide. Such nudeotide changes may 
IhTlmino ac.d subs—, additions, delenons, toons and ™» „ the 
poly-pude encoded by the reference sequence, as discussed below. 

(2) A polypi that differs in ammo acid sequence from another, reference 
^ypepude. LraUy, differs are limited so that the sequences of the reference 
and the vanant are closely stmuar overall and, in many region, identtcal. 

A variant arrd reference polypeptide may differ ,n ammo actd sequence by one 
or more subs— , addittons, deletions, toons and which may be 

pKseffl -ny — ^ ^ ^ ^ ^ m mQiecuies wteh ^ or 

interact specially w,th ICE LAP-6 polypepttdes of the present invenuon, inclutung 
class, receptors, whrch are preferred, but also other molecules that 
pi;! bind to or mteract wtth po.ypept.des of the invention Cwhrch also may be 
re Trred to as Ending molecuies" and .nteractron molecules, respecuvely and as 
~!CE LAP-6 bmdma molecules" and "ICE LAP-o in.eract.on molecules." B,ndmg 
bltween polypepttdes of the mvention and such molecules, deluding receptor or 
"lg o rnlLu molecules may be exctove to polypepudes of the _ 
which ts very hrghly preferred, or it may be hrghly spectfic for P°^<^ 
mention wruch .s highly preferred, or .t may be highly specrftc to a group of proems 
I Ludes pdypepttdes of the mvent.cn, which , preferred, or it may be spec* o 
several «roups of proteins at leas, one of whtch .ciudes polypepndes of 

Receptors also may be non-naturally occumng, such as anubod.es and 
anttbody-denved reagents that bmd specScaHy to polypeptides of the tnvenuon. 
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DESCRIP^N OF THE INVENTION 

r// The present invention relates to novel ICE LAP-6 polypeptides and 
^Vucleo\es, among other things, as described in greater detail below. In 
particular, theWention relates to polypeptides and polynucleotides of a novel human 
ICE LAP-6, whX is related by amino acid sequence homology to human interieukin- 
1 beta convernng\yme apoptosis protease polypeptides. The invention relates 
especially to ICE LaVo having the nucleotide and amino acid sequences set out in 
Figures 1 and 3 respectiW It will be appreciated that the nucleotide and amino acid 
sequences set out in Figu\s3 and 1 respectively, were obtauied by sequencing the 
cDNA obtained from a human\K562 (erythroleukemia) cell line cDNA library. 
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Polynucleotides 

In accordance with one aspect of the present invention, there are provided 
1S olated polynucleotides which encode the ICE LAP-6 polypeptide having the deduced 
amino acid sequence of Figure 1 or the polypeptide encoded by the deposited clone. 

In accordance with another aspect of the present invention, there are provided 
isolated polynucleotides which encode the ICE LAP-6 polypeptide having the deduced 
amino acid sequence of Figure 1 or the polypeptide encoded by the deposited clone. 

Using the information provided herein, such as the polynucleotide primer 
sequences L out in Example 1. a polynucleotide of the present invention encoding 
human ICE LAP-6 polypeptide may be obtained using standard cloning and screening 
procedures, such as those for cloning cDNAs using mRNA from cells from human 
neutrophils and kidney tissue as starting material. Illustrative of the invention, the 
polynucleotide of the invention was discovered as described in Example 1. ICE LAP 
7 can also be obtained from other tissues and cDNA libraries, for example, libraries 
derived from cells of human cells, tissue and cell lines such as. activated human 
neutrophil, erythroleukemia and kidney cells. 

Hukan ICE LAP-6 of the invention is structurally related to other proteins of 
human\terleukin-l beta converting enzyme apoptosis protease family, as shown 
bv the resultXf sequencing the cDNA encoding human ICE LAP-6 in Figure I. The 
cDNA of Fi 2 u\3 was obtained as described in Example I. The polypeptide ot Figure 




1 X the pdypepti Hcoded by the deposited clone each are ^ins which have a 
deduled molecular weight of about 45.3 kDa. 

* Polynucleotides of the present invention may be in the form of RNA, such as 
niRNA or in the form of DNA, including, for instance, cDNA and genomic DNA 
obtained by cloning or produced by chemxcai synthetic techniques or by a combination 
thereof The DNA may be double-stranded or single-stranded. Single-stranded DNA 

may be the coding strand, also known as the sense strand, or it may be the non-coding 

strand, also referred to as the anti-sense strand. 

n TheWing sequence which encodes the polypeptide may be identical to the 
iXng sequeL of the polynucleotide derived using the pnmers set forth in Example 
1 or the polyrileotide of Figure 3. It also may be a polynucleotide with a different 
sequence, which\as a result of the redundancy (degeneracy) of the genetic code, 
encodes the polypeptide of the cDNA of Figure 1 or the polypeptide encoded by the 
depositedck^^ 

==_= 1 0 ^cleotides of the present invention which encode the polypeptide ot 
Figure 1 or the polypeptide encoded by the deposited clone may include, but are not 
lirmt ed to the coding sequence for the mature polypeptide, by itself, the coding 
sequence for the mature polypeptide and additional coding sequences, such as those 
encoding a leader or secretory sequence, such as a pre-, or pro- or prepro- protein 
3 sequence; the coding sequence of the mature polypeptide, with or without the 
aforementioned additional coding sequences, together with additional, non-coding 
sequences, including for example, but not limited to introns and non-coding 5' and , 
sequences, such as the transcribed, non-translated sequences that play a role m 
transcription, mRNA processing - including splicing and polyadenylation signals, tor 
> 5 example - nbosome binding and stability of mRNA; additional coding sequence which 
codes for additional amino acids, such as those which provide additional 
functionalities. Thus, for instance, the polypeptide may be fused to a marker sequence, 
such as a peptide, which facilitates purification of the fused polypeptide. In certain 
preferred embodiments of this aspect of the invention, the marker sequence is a hexa- 
30 histidine peptide, such as the tag provided in the P QE vector (Qiagen. Inc.), among 
others manv of which are commercially available. As described in Gentz et al., Proc 
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Mrt W SC., UsS. 321-824 (.989), for .nstance. he*a-r#ne provides for 
convex punftcadon of the fcs.cn pro,- The HA tag corresponds to an epuope 
derived of influenza hemagglutinin proteu, which has been descnbed by Wdson et al„ 
C«(/ 37: 767 (1984), for instance. 

provided is mature ICE LAP-6 processed from its precursor molecule, v,a 
autocars or by other enzymes, to produce two suburnts. which form an acdve 
heterodimertbomsubuni^ortetramerCtwosetsofsuchheteroduners)^ 

fa accordance w.th the foregcng. the term "polynudeot.de encoding a 
peptide" as used heretn encompasses polynucleotides which 
needing a polvpepdde of the present invention, particularly the human ICE LAM 
hlg L ammo -d sequence set out ta Figure . or the attune acid sequence o f .e 
polypeptide encoded by the deposited clone. The term encompasses polynucieot.de 
hat hide a singie continuous region or discontinuous tegtons encoding £ 
polypept.de (for example, uttered by mtrons) together with addittonal tegtons, that 
also mav contain coding and/or non<oding sequences. 

The present .nvendon fcrther teiates to var.a,ts of the herein above descnbed 
polynucleottdes whtch encode for fragments, analogs and derivadves of the 
polypepdde havmg the deduced armno ac.d sequence of Hgure ! or the ammo act 
Lql e of the polypept.de encoded by the deposited Cone. A vanant of th 
, po ynucieobde may be a naturally occumng variant such as a naturally occurrmg 

naturally occumng vanants of the polynucleot.de may be made by mutagenes, 
t echniques, mcluding those applied to poiynucleoudes, cells or orgamsms. 

■ S polynucleoddes by nucleodde substirudons. deledons or addidons. The subsdatdon, 
lions or addidons may mvolve one or more nucleot.de, The vanants may * 
aitered i. coding or non-coding regtons or both. Alteradons in the codmg reg.ons may 
" uce conserve or non-conservattve am.no ac, substtrutions, de.et.ons or 



additions. 

30 



Ln* the particularly preferred =mbod.ments of the invent.cn ,n tras regard 
are polynucleoodes encod,ng poiycept.des hav.ng the ara.no ac.d sequence o, 
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LAP-6 set out in Fig^l or the amino acid sequence of the peptide encoded by 
the deposited clone: variants, analogs, derivatives and fragments thereof, and 
fragments of the variants, analogs and derivatives. 

Further particularly preferred in this regard are polynucleotides encoding ICE 
5 LAP-6 variants, analogs, derivatives and fragments, and variants, analogs and 
derivatives of the fragments, which have the amino acid sequence of the ICE LAP-6 
polypeptide of Figure 1 or the polypeptide encoded by the deposited clone in which 
several a few, 5 to 10, 1 to 5, 1 to 3, 2, 1 or no amino acid residues are substituted, 
deleted or added, in any combination. Especially preferred among these are 
10 substitutions, additions and deletions, which do not alter the properties and activities of 
the ICE LAP-6. Also especially preferred in this regard are conservative substitutions. 
Most highly preferred are polynucleotides encoding polypeptides having the amino 
c acid sequence of Figure 1 or the amino acid sequence of the polypeptide encoded by 

the deposited clone, without substitutions. 
I! ie Furth er preferred embodiments of the invention are polynucleotides that are at 

K " least 70% identical to a polynucleotide encoding the ICE LAP-6 polypeptide having 
P th e amino acid sequence set out in Figure 1 or the ammo acid sequence of the 

" polvpeptide encoded by the deposited clone, and polynucleotides which are 

f! complementary to such polynucleotides. Alternatively, most highly preferred are 

5 , 0 polynucleotides that comprise a region that is at least 80% identical to a polynucleotide 
£ encod in g the ICE LAP-6 polypeptide of the human cDNA and polynucleotides 

* complementary thereto. In this regard, polynucleotides at least 90% identical to the 

same are particularly preferred, and among these particularly preterred 
polynucleotides, those with at least 95% are especially preferred. Furthermore, those 
,5 with at least 97% are highly preferred among those with at least 95%, and among these 
those with at least 98% and at least 99% are particularly highly preferred, with at least 

99% being the more preferred. 

J/ Particularly preferred embodiments in this respect, moreover, are 
pjynucleotidl which encode polypeptides which retain substantially the same 
biological funcin or activity as the mature polypeptide encoded by the cDNA or 
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Figure 3, eroded W** polynucleotide sequence of the dep A clone, or derived 
using the prirr^rs set forth in Example 1 . 

The present invention further relates to polynucleotides that hybridize to the 
herein above-descnbed sequences. In this regard, the present invention especially 
relates to polynucleotides winch hybridize under stringent conditions to the herein 
above-described polynucleotides. As herein used, the term "stringent conditions" 
means hybridization will occur only if there is at least 95% and preferably at least 97% 

identity between the sequences. 

As discussed additionally herein regarding polynucleotide assays of the 
invention, for instance, polynucleotides of the invention as discussed above, may be 
used as a hybridization prob* for cDNA and genomic DNA to isolate full-length 
cDNAs and genomic clones encoding ICE LAP-6 and to isolate cDNA and genomic 
clones of other genes that have a high sequence similarity to the human ICE LAP-6 
.ene Such probes generally will comprise at least 15 bases. Preferably, such probes 
will have at least 30 bases and may have at least 50 bases. Particularly preferred 
probes will have at least 30 bases and will have 50 bases or less. 

For example, the coding region of the ICE LAP-6 gene may be isolated by 
screening using the known DNA sequence to synthesize an oligonucleotide probe. A 
labeled oligonucleotide having a sequence complementary to that of a gene of the 
present invention is then used to screen a library of human cDNA, genomic DNA or 
mRN A to determine which members of the library the probe hybridizes to. 

The polynucleotides and polypeptides of the present invention may be 
employed as research reagents and materials for discovery of treatments and 
diagnostics to human disease, as further discussed herein relating to polynucleotide 

25 assays, inter alia. 

The polynucleotides may encode a polypeptide which is the mature protein 
plus additional amino or carboxyl-terminal amino acids, or amino acids interior to the 
mature polypeptide (when the mature form has more than one polypeptide chain, for 
instance). Such sequences may play a role in processing of a protein from precursor to 
30 a mature form, may facilitate protein trafficking, may prolong or shorten protein half- 
life or mav facilitate manipulation of a protein for assay or production, among other 
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things. As generally^*. case in situ, the additional amino a^may be processed 
away from the mature protein by cellular enzymes. 

A precursor protein, having the mature form of the polypeptide fused to one or 
more prosequences may be an inactive form of the polypeptide. When prosequences 
are removed such inactive precursors generally are activated. Some or all of the 
prosequences may be removed before activation. Generally, such precursors are called 
proproteins. 

In sum, a polynucleotide of the present invention may encode a mature protein, 
a mature protein plus a leader sequence (which may be referred to as a preprotein), a 
precursor of a mature protein having one or more prosequences which are not the 
leader sequences of a preprotein, or a preproprotein, which is a precursor to a 
proprotein, having a leader sequence and one or more prosequences, which generally 
are removed during processing steps that produce active and mature forms of the 
polypeptide. 
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Deposited materials 

A deposit containing a human ICE LAP-6 cDNA has been deposited with the 
American Type Culture Collection, as noted above. Also as noted above, the human 
cDNA deposit is referred to herein as "the deposited clone" or as "the cDNA of the 

20 deposited clone." 

The deposited clone was deposited with the .American Type Culture 
Collection, 12301 Park Lawn Drive, Rockville, Maryland 20852, USA, on May 30, 
1996. 

The deposited material is a pBluescript SK (-) plasmid (Stratagene, La Jolla, 
25 CA) that contains the full length ICE LAP-6 cDNA, referred to as "1095150" upon 
deposit. 

The deposit has been made under the terms of the Budapest Treaty on the 
international recognition of the deposit of micro-organisms for purposes of patent 
procedure. The strain will be irrevocably and without restriction or condition released 
30 to the public upon the issuance of a patent. The deposit is provtded merely as 
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convenience to St of skiil in the art and is not an adrrfton that a deposit is 
required for enablement, such as that required under 35 U.S.C. §1 12. 

The sequence of the polynucleotides contained in the deposited material, as 
well as the amino acid sequence of the polypeptide encoded thereby, are controlling in 
the event of any conflict with any description of sequences herein. 

A license may be required to make, use or sell the deposited materials, and no 
such license is hereby granted. 



Polypeptides 

10 The present invention further relates to a human ICE LAP-6 polypeptide which 

has the deduced amino acid sequence of Figure 1 and the amino acid sequence of the 
the polypeptide encoded by the deposited clone. 

The invention also relates to fragments, analogs and . derivatives of these 
polypeptides. The terms '•fragment,'• "derivative" and "analog" when referring to the 
15 polypeptide of Figure 1 or the polypeptide encoded by the deposited clone, means a 
polypeptide which retains essentially the same biological function or activity as such 
polypeptide. Thus, an analog includes a proprotein which can be activated by cleavage 
of the proprotein portion to produce an active mature polypeptide. 

The polypeptide of the present invention may be a recombinant polypeptide, a 
20 natural polypeptide or a synthetic polypeptide. In certain preferred embodiments it is a 
recombinant polypeptide. 

The fragment, derivative or analog of the polypeptide of Figure I or the 
polypeptide encoded by the deposited clone each may be (i) one in which one or more 
of the amino acid residues are substituted with a conserved or non-conserved amino 
25 acid residue (preferably a conserved amino acid residue) and such substituted amino 
acid residue may or may not be one encoded by the genetic code, or (ii) one in which 
one or more of the amino acid residues includes a substituent group, or (iii) one in 
which the mature polypeptide is fused with another compound, such as a compound to 
increase the half-life of the polypeptide (for example, polyethylene glycol), or (iv) one 
30 in which the additional amino acids are fused to the mature polypeptide, such as a 
leader or secretory sequence or a sequence which is employed tor purification of the 
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mature polypeptide or a proprotein sequence. Such fragments, derivatives and analogs 
are deemed to be within the scope of those skilled in the art from the teachings herein. 

Among the particularly preferred embodiments of the invention in this regard 
are polypeptides having the amino acid sequence of ICE LAP-6 set out in Figure 1 or 

5 the amino acid sequence of the polypeptide encoded by the deposited clone, variants, 
analogs, derivatives and fragments thereof, and variants, analogs and derivatives of the 
fragments. Alternatively, particularly preferred embodiments of the invention in this 
regard are polypeptides having the amino acid sequence of the ICE LAP-6, variants, 
analogs, derivatives and fragments thereof, and variants, analogs and derivatives of the 

10 fragments. 

Among preferred variants are those that vary from a reference by conservative 
amino acid substitutions. Such substitutions are those that substitute a given amino 
acid in a polypeptide by another amino acid of like characteristics. Typically seen as 
conservative substitutions are the replacements, one for another, among the aliphatic 
15 amino acids Ala, Val, Leu and He; interchange of the hydroxyl residues Ser and Thr, 
exchange of the acidic residues Asp and Glu, substitution between the amide residues 
Asn and Gin, exchange of the basic residues Lys and Arg and replacements among the 
aromatic residues Phe, Tyr. 

Further particularly preferred in this regard are variants, analogs, derivatives 
and fragments, and variants, analogs and derivatives of the fragments, having the 
amino acid sequence of the ICE LAP-6 polypeptide of Figure 1 or the amino acid 
sequence of the polypeptide encoded by the deposited clone, in which several, a few, 5 
to 10, 1 to 5, 1 to 3, 2, 1 or no amino acid residues are substituted, deleted or added, in 
any combination. Especially preferred among these are substitutions, additions and 
25 deletions, which do not alter the properties and activities of the ICE LAP-6. Also 
especially preferred in this regard are conservative substitutions. Most highly 
preferred are polypeptides having the amino acid sequence of Figure 1 or the amino 
acid sequence of the polypeptide encoded by the deposited clone without substitutions. 
The polypeptides and polynucleotides of the present invention are preferably 
30 provided in an isolated form, and preferably are purified to homogeneity. 
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The polypjfces of the present invention include the^peptide of Figure 1 
or the polypeptide encoded by the deposited clone (in particular the mature 
polypeptide) as well as polypeptides which have at least 80% identity to the 
polypeptide of Figure 1 or the polypeptide encoded by the deposited clone and more 

5 preferably at least 90% similarity (more preferably at least 90% identity) to the 
polypeptide of Figure 1 or the polypeptide encoded by the deposited clone and still 
more preferably at least 95% similarity (still more preferably at least 95% identity) to 
the polypeptide of Figure 1 or the polypeptide encoded by the deposited clone and also 
include portions of such polypeptides with such portion of the polypeptide generally 

10 containing at least 30 amino acids and more preferably at least 50 amino acids. 

Fragments or portions of the polypeptides of the present invention may be 
employed for producing the corresponding full-length polypeptide by peptide 
synthesis; therefore, the fragments may be employed as intermediates for producing 
the full-length polypeptides. Fragments or portions of the polynucleotides of the 

15 present invention may be used to synthesize full-length polynucleotides of the present 



invention. 



Fragments 

Alskamong preferred embodiments of this aspect of the present invention are 
20^oWpeptide7\ipnsing fragments of ICE LAP-6, most particularly fragments of the 
ICE LAP-6 havinVhe amino acid set out in Figure 1 or the amino acid sequence of the 
polypeptide encodedV the deposited clone, and fragments of variants and derivatives 
of the ICE LAP-6 of Figure 1 or the polypeptide encoded by the deposited clone, such 
as, for example the amino ackj sequence of Figure 5. 
25 In this regard a fragment is a polypeptide having an amino acid sequence that 

entirely is the same as part but not all of the amino acid sequence of the 
aforementioned ICE LAP-6 polypeptides and variants or derivatives thereof. 

Such fragments may be "free-standing," i.e., not part of or fused to other amino 
acids or polypeptides, or they may be comprised within a larger polypeptide of which 
30 they form a part or region. When comprised within a larger polypeptide, the presently 
discussed fragments most preferably form a single continuous region. However. 



several fragments rn^e comprised within a single larger poly^ide. For instance, 
certam preferred embodiments relate to a fragment of an ICE LAP-6 polypeptide or 
the present comprised within a precursor polypeptide designed for expression in a host 
and having heterologous pre and pro- polypeptide regions fused to the amino terminus 
of the ICE LAP-6 fragment and an additional region fused to the carboxyl terminus of 
the fragment. Therefore, fragments in one aspect of the meaning intended herein, 
refers to the portion or portions of a fusion polypeptide or fusion protein derived from 
ICE LAP-6. 

As representative examples of polypeptide fragments of the invention, there 
may be mentioned those which have from about 5-15, 10-20, 15-40, 30-55, 41-65, 41- 
80, 41-90, 50-100, 75-100, 90-1 15, 100-125, and 1 10-1 13 amino acids long. 

In this context about includes the particularly recited range and ranges larger or 
smaller by several, a few, 5, 4, 3, 2- or 1 amino acid at either extreme or at both 
extremes. For instance, about 40-90 amino acids in this context means a polypeptide 
fragment of 40 plus or minus several, a few, 5, 4, 3, 2 or 1 amino acids to 90 plus or 
minus several a few, 5, 4, 3, 2 or 1 amino acid residues, i.e., ranges as broad as 40 
minus several amino acids to 90 plus several amino acids to as narrow as 40 plus 
several amino acids to 90 minus several amino acids. 

Highly preferred in this regard are the recited ranges plus or minus as many as 
5 amino acids at either or at both extremes. Particularly highly preferred are the 
recited ranges plus or minus as many as 3 amino acids at either or at both the recited 
extremes. Especially particularly highly preferred are ranges plus or minus 1 amino 
acid at either or at both extremes or the recited ranges with no additions or deletions. 
Most highly preferred of all in this regard are fragments from about 5-15, 10-20, 15- 
5 40, 30-55, 41-65, 41-80, 41-90, 50-100, 75-100, 90-115, 100-125, and 110-113 amino 
acids long. 

.Among especially preferred fragments of the invention are truncation mutants 
of ICE LAP-6° Truncation mutants include ICE LAP-6 polypeptides having the amino 
acid sequence of Figure I or the amino acid sequence of the polypeptide encoded by 
30 the deposited clone, or of variants or derivatives thereof, except for deletion of a 
continuous senes of residues (that is. a continuous region, part or portion) that includes 
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the amino terminer a continuous series of cesidues that includes the carboxyl 
tenninus or, as in double truncation mutants, deletion of two continuous series of 
residues, one including the amino terminus and one including the carboxyl terminus. 
Fragments having the size ranges set out about also are preferred embodiments of 
truncation fragments, which are especially preferred among fragments generally. 

Also preferred in this aspect of the invention are fragments characterized by 
structural or functional attributes of ICE LAP-6. Preferred embodiments of the 
invention in this regard include fragments that comprise alpha-helix and alpha-helix 
forming regions ("alpha-regions"), beta-sheet and beta-sheet-forming regions ("beta- 
regions"), rum and turn-forming regions ("turn-regions"), coil and coil-forming regions 
("coil-regions"), hydrophilic regions, hydrophobic regions, alpha amphipathic regions, 
beta anjhipathic regions, flexible regions, surface-forming regions and high antigenic 

index regions of ICE LAP-6. 

Among highly preferred fragments in this regard are those that comprise 
re-ions of ICE LAP-6 that combine several structural features, such as several of the 
features set out above. In this regard, the regions defined by the residues about 10 to 
about ?0 about 40 to about 50, about 70 to about 90 and about 100 to about 113 of 
Figure 1 or the polypeptide encoded by the deposited clone, which all are characterized 
by ammo acid compositions highly characteristic of turn-regions, hydrophilic regions, 
flexible-regions, surface-forming regions, and high antigenic index-regions, are 
especially highly preferred regions. Such regions may be comprised within a larger 
polypeptide or may be by themselves a preferred fragment of the present invention, as 
discussed above. It will be appreciated that the term "about" as used in this paragraph 
has the meaning set out above regarding fragments in general. 

/ F^her preferred regions are those that mediate activities of ICE LAP-6. Most 
ji y pre S^in this regard are fragments that have a chemical, biological or other 
activity of ICE l\-6, including those with a similar activity or an improved activity, 
or with a decreased\desirable activity. Highly preferred in this regard are fragments 
that contain regions thAre homologs in sequence, or in position, or in both sequence 
and to active resions of reia^d polypeptides, such as the related polypeptides set out in 
Figure ■> which include human interieukin- 1 beta converting enzyme apoptosis 
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prolases. Amon7%ularly preferred fragments in these regards are truncation 

mutants, as discussed above. 

It\will be appreciated that the invention also relates to, among others, 
P^vnucleoLs encoding the aforementioned fragments, polynucleotides that 
hybridize to polynucleotides encoding the fragments, particularly those that hybridize 
under strmgent\ditions, and polynucleotides, such as PCR primers, for amplifying 
polynucleotides Aencode the fragments. In these regards, preferred polynucleotides 
are those that correspondent to the preferred fragments, as discussed above. Preferred 
polynucleotides fragme\ may be derived from the sequences of Figure 3 and 4. 

Vectors, host cells, expression 

The present invention also relates to vectors which include polynucleotides of 
the present invention, host cells which are genetically engineered with vectors of the 
invention and the production of polypeptides of the invention by recombinant 
techniques. 

Host cells can be genetically engineered to incorporate polynucleotides and 
express polvpeptides of the present invention. For instance, polynucleotides may be 
introduced into host cells using well known techniques of infection, transduction, 
transfection, transection and transformation. The polynucleotides may be introduced 
) alone or with other polynucleotides. Such other polynucleotides may be introduced 
independently, co-introduced or introduced joined to the polynucleotides of the 
invention. 

Thus, for instance, polynucleotides of the invention may be transfected into 
host cells with another, separate, polynucleotide encoding a selectable marker, using 
5 standard techniques for co-transfection and selection in, for instance, mammalian cells. 
In this case the polynucleotides generally will be stably incorporated into the host cell 
genome. 

Alternatively, the polynucleotides may be joined to a vector containing a 
selectable marker for propagation in a host. The vector construct may be introduced 
30 into host cells by the aforementioned techniques. Generally, a plasmid vector is 
.ntroduced as DNA in a precipitate, such as a calcium phosphate precipitate, or in a 
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complex with a charged lipid. Electroporation also may be used to introduce 
polynucleotides into a host. If the vector is a virus, it may be packaged in vitro or 
introduced into a packaging cell and the packaged virus may be transduced into cells. 
A wide variety of techniques suitable for making polynucleotides and for introducing 
polynucleotides into cells in accordance with this aspect of the invention are well 
known and routine to those of skill in the art. Such techniques are reviewed at length 
in Sambrook et al. cited above, which is illustrative of the many laboratory manuals 

that detail these techniques. 

In accordance with this aspect of the invention the vector may be, for example, 
a plasmid vector, a single or double-stranded phage vector, a single or double-stranded 
RNA or DNA viral vector. Such vectors may be introduced into cells as 
polynucleotides, preferably DNA, by well known techniques for introducing DNA and 
RNA into cells. The vectors, in the case of phage and viral vectors also may be and 
preferably are introduced into cells.as packaged or encapsidated virus by well known 
5 techniques for infection and transduction. Viral vectors may be replication competent 
or replication defective. In the latter case viral propagation generally will occur only 

in complementing host cells. 

Preferred among vectors, in certain respects, are those for expression of 
polvnucleotides and polypeptides of the present invention. Generally, such vectors 
0 comprise cis-acting control regions effective for expression in a host operatively linked 
to the polynucleotide to be expressed. Appropriate trans-acting factors either are 
supplied by the host, supplied by a complementing vector or supplied by the vector 
itself upon introduction into the host. 

In certain preferred embodiments in this regard, the vectors provide for specific 
>5 expression. Such specific expression may be inducible expression or expression only 
in certain types of cells or both inducible and cell-specific. Particularly preferred 
among inducible vectors are vectors that can be induced for expression by 
environmental factors that are easy co manipulate, such as temperature and nutrient 
additives. A variety of vectors suitable to this aspect of the invention, including 
30 constitutive and inducible expression vectors for use in prokaryotic and eukaryotic 
hosts, are well known and employed routinely by those of skill in the an. 



P50483-2 




10 



15 



The enaineered host cells can be cultured in conventional nutrient media, 
which mav be modified as appropriate for, inter alia, activating promoters, selecting 
transforms or amplifying genes. Culture conditions, such as temperature, P H and 
the like previously used with the host cell selected for expression generally will be 
suitable for expression of polypeptides of the present invention as will be apparent to 
those of skill in the an. 

A great variety of expression vectors can be used to express a polypeptide of 
the invention. Such vectors tnclude chromosomal, episomal and virus-derived vectors 
e„ vectors derived from bacterial plasmids. from bacteriophage, from yeas, 
eptsomes, from yeast chromosomal elements, from viruses such as hantaviruses, 
papova viruses, such as simian virus 40 ("SV40"). vaccinia viruses, adenovuuses, fowl 
pox viruses, pseudorabies viruses and retroviruses, and vectors denved from 
combinations thereof, such as those denved from plastmd and bacteriophage genetic 
elements, such as cosmids and phagenuds. all may be used for expression tn 
accordance with this aspect of the present mvention. Generally, any vector suttable to 
maintain, propagate or express polynucleotides to express a polypeptide in a host may 
be used for expression in this regard. 

The appropriate DNA sequence may be inserted into the vector by any of a 
variety of well-known and routine techniques. In general, a DNA sequence for 
, expression is joined to an expression vector by cleaving the DNA sequence and the 
expression vector with one or more restriction endonucleases and then joining the 
. restriction fragments together using T4 DNA ligase. Procedures for restriction and 
ligation that can be used to this end are well known and routine to those of skill. 
Suitable procedures in this regard, and for constructing expression vectors using 
5 alternative techniques, which also are well known and routine to those skill, are set 
forth in oreatdetail in Sambrook et al. cited elsewhere herein. 

The DNA sequence in the expression vector is operatively linked to 
appropriate expression control sequence(s), including, for instance, a promoter to 
direct mRNA transcription. Representatives of such promoters include the phage 
30 lambda PL promoter, the E. coU lac, trp and tac promoters, the SV40 early and late 
promoters and promoters of retroviral LTRs, to name just a few of the well-known 
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promoters. It will fc^derstcod that «« ***** « " ^ 

for use in this aspect of the invention are well known and readily may be employed by 
those of skill in me manner illustrated by the discussion and the examples heretn. 

In general, expression constructs will contain sites for transcription initiation 
and termination, and, in the transcribed regron, a tibosome btndmg site for translate. 
The codine portion of the mature transcripts expressed by the constructs wili mclude a 
translate initiating AUG at the beginning and a termination codon appropriately 
positioned at the end of the polypeptide to be translated. 

I„ addition, the constructs may contain control regtons that regulate as well as 
engender expression. Generally, in accordance with many commonly pracuced 
procedures, such tegions will operate by controlling transection, such as repressor 
binding sites and enhancers, among others. 

Vectors for propagation and express™ generally will inciude selectable 
markers Such markers also may be suitable for amplification or the vectors may 
contatn addittonal markers for this purpose. In this regatd, the express.cn vectors 
preferably contain one or more selectable marker genes to provide a phenotyptc trait 
for seiection of transformed host cells. Preferred markers inciude dihydrofolate 
reductase or neomycin resistance for eukaryotic cell culhire. and tetracycline or 
amp.culin resistance genes for culturing E. coll and other bacteria. 

The vector containing the appropriate DNA sequence as described elsewhere 
herein as well as an appropnate promoter, and other appropriate control sequences, 
may be introduced into an appropriate host using a variety of well known techniques 
suitable to expression thereto of a destred polypeptide. Representative examples of 
appropriate hosts include bacterial ceils, such as E. coll, Streptomyces and SalnoneU* 
5 ,v pW « cells; fungal cells, such as yeas, cells; msec, cells such as Drosophlla S2 
and Spcdoptera SB celb; arumal ceUs such as CHO, COS and Bowes melanoma cells; 
and plant cell, Hosts for a great vanety of express.cn constructs are weU known, and 
those of sk.ll will be enabled by the present disdosure readily to select a host tor 
expressing a polypeptides in accordance with this aspect of the present invention. 
,0 More particularly, me present invention also includes recombinant constructs, 

such as expression constructs, composing one or more of the sequences described 
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above Theconsm.cSfmpnseavectcr.suchasaplasmidorvJi 

l a sequence of the — - <~ ^ * " ^ * ""^ ^ 

" a. 1 reverse o—. In ce^ preferred — nts in tfcs re^ 
„, further compnses regulatory fences, .eluding, for — ' 

tinked to che sequence. Large numbers of suttabie vectors and promoters are 
Znl those of skill tn the art, and there are many cotnmerc.auy available vectors 

suitable for use in the present invention. 

The followtng vectors, which are commercial* available, are proved by way 

of exampie. Among vectors preferred for use in bacteria are pQE70. PQE60 and pQE- 
of examp ^ vec[ots Bluescnpt vectors , 

9, available from Qiagen, poo qQ 
dNH8A pNHWa. pNHlSA. P NH4oA. available from Stratagene; and ptrc99a. 

^3 ZvZ, pDW*. PRTT5 avarlable from Pharmaci. Amon g preferred 
pKK22,-3. pKK.3 P ^ fom 

eukaryotic vectors are pWLNEO, pc.v-i.Ai, p r 

Strlene- and pSVK3, pBPV. pMSG »d pSVL avauable from Ph~ These 
listed solely by way of — n of the many commerciaUy ****** 
weli known vectors mat are avaUable to those of sktll in the « for use ,n accortanc 
1 1 aspect of the present — . ft wdl be appreciated that any o^as- 
or vector stable for. for example, tntroduction. matntenance, P»^°" 
IpLon of a polynucleotide or polypepude of the tnvention tn a host may he used , 

3 ,us "CIST- - — - - — - - T ttet 

contam a reporter transition urut lacking a promoter region, such as a 
Zrnphemll acety, transferase ("CAT") option unt, downstream o 
Itcuon stte or sites for introducing a candidate promoter fragment; ,e.. a fragn*n 
U Tmay contain a promoter. As >s well known, introduction too the vector o a 
promoter-contatntng fragment at the taction site upstream of the cat gene engen e, 
luction of CAT activny, winch c» oe detected by standard CAT assay, Vectors 
Hie to tins end are well known and readily avatlable. Two such vectors are 
™ and PCM7. Thus, promoters for expresston of polynucleotides of ,e 
30 p—ventton mclude not o.y well known and teadily arable promoters, but 
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also promoters that readuy may be obtained by the foregoing technique, using a 



reporter gene. _ 

Among known bactenal promoters suitable for expression of polynucleotides 

and polypeptides in accordance with the present invention are the E. coli lad and lacZ 

promoters, the T3 and T7 promoters, the gpt promoter, the lambda PR, PL promoters 

and the trp promoter. 

Among known eukaryotic promoters suitable in this regard are the 
cytomegalovirus ("CMV") immediate early promoter, the HSV thymxdine kinase 
promoter, the early and late SV40 promoters, the promoters of retroviral LTRs, such as 
those of the Rous sarcoma virus ("RoSV), and metallothionein promoters, such as the 
mouse metallothionein-I promoter. 

Selection of appropriate vectors and promoters for expression in a host cell is a 
well known procedure and the requisite techniques for expression vector construction, 
introduction of the vector into the aost and expression in-the host are routine skills in 
15 the art. 

The present invention also relates to host cells containing the above-described 
constructs discussed above. The host cell can be a higher eukaryotic cell, such as a 
mammalian cell, or a lower eukaryotic cell, such as a yeast cell, or the host cell can be 
a prokarvotic cell, such as a bacterial cell. 

Introduction of the construct into the host cell can be effected by calcmm 
phosphate transfection, DEAE-dextran mediated transfection, cationic lipid-mediated 
transfection, electroporation, transduction, infection or other methods. Such methods 
are described in many standard laboratory manuals, such as SAMBROOK. 

Constructs in host cells can be used in a conventional manner to produce' the 
gene product encoded by the recombinant sequence. Alternatively, the polypeptides of 
the invention can be synthetically produced by conventional peptide synthesizers. 

Mature proteins can be expressed in mammalian ceils, yeast, bacteria, or other 
cells under the control of appropriate promoters. Ceil-free translation systems can also 
be emploved to produce such proteins using RNAs derived from the DNA constructs 
of the present invention. Appropriate cloning and expression vectors tor use wuh 
prokarvotic and eukaryotic hosts are described by Sambrook et al.. cited above. 
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Generally, rftibinant expression vectors will include^ns of replication, a 
promoter derived from a highly-expressed gene to direct transcription of a downstream 
structural sequence, and a selectable marker to permit isolation of vector containing 
cells after exposure to the vector. Among suitable promoters are those derived from 
5 the genes that encode glycolytic enzymes such as 3 -phosphogly cerate kinase ("PGK"), 
a-factor, acid phosphatase, and heat shock proteins, among others. Selectable markers 
include the ampicillin resistance gene of E. coli and the trp 1 gene of S. cerevisiae. 

Transcription of the DNA encoding the polypeptides of the present invention 
by higher eukaryotes may be increased by inserting an enhancer sequence into the 
10 vector. Enhancers are cis-acting elements of DNA, usually about from 10 to 300 bp 
that act to increase transcriptional activity of a promoter in a given host cell-type. 
Examples of enhancers include the SV40 enhancer, which is located on the late side of 
the replication origin at bp 100 to 270, the cytomegalovirus early promoter enhancer, 
the polyoma enhancer on the late side of the replication origin, and adenovirus 
15 enhancers. 

Polynucleotides of the invention, encoding the heterologous structural 
sequence of a polypeptide of the invention generally will be inserted into the vector 
using standard techniques so that it is operably linked to the promoter for expression, 
-^polynucleotide wiU be positioned so that the transcription start site is located 
20 appropriately 5' to a ribosome binding site. The ribosome binding site will be 5' to the 
AUG that initiates translation of the polypeptide to be expressed. Generally, there will 
be no other open reading frames that begin with an initiation codon, usually AUG, and 
lie between the ribosome binding site and the initiating AUG. Also, generally, there 
will be a translation stop codon at the end of the polypeptide and there will be a 
25 polyadenylation signal and a transcription termination signal appropriately disposed at 
the 3' end of the transcribed region. 

For secretion of the translated protein into the lumen of the endoplasmic 
reticulum, into the penplasmic space or into the extracellular environment, appropriate 
secretion signals may be mcorporated into the expressed polypeptide. The signals may 
30 be endogenous to the polypeptide or they may be heterologous signals. 
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The polypHe may be expressed in a modified fft such as a fusion 
protein, and may include not only secretion signals but also addidonal heterologous 
functional regions. Thus, for instance, a region of additional amino acids, particularly 
charged amino acids, may be added to the N-terminus of the polypeptide to improve 
5 stability and persistence in the host cell, during purification or during subsequent 
handling and storage. Also, a region may be added to the polypeptide to facilitate 
punficadon. Such regions may be removed prior to final preparation of the 
polypeptide. The addition of peptide moieties to polypeptides to engender secretion or 
excretion, to improve stability and to facilitate purification, among others, are familiar 

10 and routine techniques in the art. 

Suitable prokaryotic hosts for propagation, maintenance or expression of 
- polynucleotides and polypeptides in accordance with the invention include Escherichia 
coli, Bacillus subtilis and Salmonella typhimurium. Various species of Pseudomonas, 
Streptomyces, and Staphylococcus are suitable hosts in this regard. Moreover, many 
15 other hosts also known to those of skill may be employed in this regard. 

As a representative but non-limiting example, useful expression vectors for 
bacterial use can comprise a selectable marker and bacterial origin of replication 
derived from commercially available plasmids comprising genetic elements of the well 
known cloning vector pBR322 (ATCC 37017). Such commercial vectors include, for 
oq example, pKK223-3 (Pharmacia Fine Chemicals. Uppsala, Sweden) and GEMI 
(Promega Biotec, Madison, WI, USA). These pBR322 "backbone" sections are 
combined with an appropriate promoter and the structural sequence to be expressed. 

Following transformation of a suitable host strain and growth of the host strain 
to an appropriate cell density, where the selected promoter is inducible it is induced by 
25 appropriate means (e.g., temperature shift or exposure to chemical inducer) and cells 
are cultured for an additional period. 

Cells typically then are harvested by centnfugation. disrupted by physical or 
chemical means, and the resulting crude extract retained for further purification. 

Microbial cells employed in expression of proteins can be disrupted by any 
30 convenient method, including freeze-thaw cycling, sorucation. mechanical disruption, 
or use of cell lysing agents, such methods are well know to those skilled in the art. 
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Various mjfiian cell culture systems can be emp loft* ^press™. « 
well Examples of mammalian expression systems include the COS-o lines of monkey 
fcdnev fibrobiast, bribed in Gluzman et al.. CeU 23: 175 (1981). Other ceU Unes 
capable of expressing a compatible vector include for example, the C127, 3T3, CHO, 
5 HeLa, human kidney 293 and BHK cell lines. 

Mammalian expression vectors will comprise an origin of replication, a 
suitable promoter and enhancer, and also any necessary ribosome binding st.es, 
polyadenylauon sites, splice donor and acceptor sites, transcriptional termination 
sequences, and 5' flanking non-transcr*ed sequences that are necessary for expression. 
,0. In ce«ain preferred embodiments tn this regard DNA sequences denved from the 
SV40 splice sites, and the SV40 polyadenylation sites are used for required non- 
n^nscribed genetic elements of these types. 

The ICE LAP-6 polypeptide can be recovered and purified from recombinant 
ceU cultures by well-known methods including ammonium sulfate or ethanol 
15 prectpttatton. actd extraction, amou or cation exchange chromatography. 
phosphoceUulose chromatography, hydrophobic interaction chromatography, affinity 
chromatography, hydroxylapatite chromatography and lectin chromato^phy Most 
preferably, high performance Uquid chromatography C'HPLC', ts employed for 
punfication. Well known techniques for refolding protein may be employed to 
20 regenerate active conformation when the polypeptide ,s denatured dunng isolation and 
or purification. 

Polypeptides of the present invention include naturally purified products, 
produces of chemical synthetic procedures, and products produced by recombinant 
te chntques from a prokaryottc or eukaryouc host, including, for example, bacterial 
, 5 yeast higher plant, insect and mammdian cells. Depending upon the host employed 
in a recombmant production procedure, the polypepttdes of the present mvennon may 
* .lycosvlated or may b. non-glycosyiated. In addition, polypeptides of the invention 
may also mclude an .mttal modified methtonine residue, in some cases as a result of 

host-mediated processes, 
-n ICE LAP-6 polynucleotides and polypeptides may be used in accordance w,th 

" the present invention for a vanety of applications, particularly those that make use ot 
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the chenucal and biofL properties of ICE LAP-6. AddinonaSications «■« <° 

diagnosis and „ treatment of disorder, of ceUs. tissues and organrsms. These aspects 
of the invention are illustrated further by the following discussion. 

Polynucleotide assays 

Thts invention is also retated to the use of the ICE LAP-6 polynucleotides to 
detect complementary polynucleotides such as, for example, as a diagnostic reagent. 
Detection of a mutated form of ICE LAP-6 associated with a dysfunction w,ll provtde 
a diagnostic tool that can add or define a diagnosis of a disease or susceptibthty to a 
diseale watch resuits from under-expresston over^xpressron or altered express™ of 
ICE LAP-6 Individuals carrying mutations in the human ICE LAP-6 gene may be 
detected at the UNA leve! by a vanety of techniques. Nucleic acids for diagnosis may 
be obtained fom a patient's cells, such as fanblood, urine, saliva, tissue btopsy and 
autopsy material. The genotmc DNA may be used directly for detection or may be 
amplified enzymatically by using PCR prior to analysis. PCR (Saiki e. aL, N«n,re, 
324- 163-166 (1986)). RNA or cDNA may also be used in the same ways. As an 
example, PCR pnmers complementary to the nucletc acid encoding ICE LAP-6 can be 
used to identify and analyze ICE LAP-6 expression and mutauons. For example, 
deletions and insertions can be detected by a change tn size of the amplified product tn 
comparison to the normal genotype. Pomt mutauons can be identified by hybndizing 
amplified DNA to radiolabeled ICE LAP-6 RNA or aiternatively, radioiabeled ICE 
LAP-6 antisense DNA sequences. Perfectly matched sequences can be distinguished 
from mismatched dupiexes by RNase A digestion or by differences in melting 
temperatures. 

Sequence differences between a reference gene and genes havtng mutauons 
also may be revealed by direct DNA sequencing. In addition, cloned DNA segments 
may be employed as probes to detect specific DNA segments. The sensittvtry of such 
methods can be greatly enhanced by approbate use of PCR or another amphficatton 
method For example, a sequencing primer , S used win, double-stranded PCR product 
or a s.n^le-suanded template molecuie generated by a modified PCR. The sequence 
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determination is perHed by conventual procedures wuh radiWeled nucleotide or 
by automatic sequencing procedures with fluorescent-tags. 

Genetic testing based on DNA sequence differences may be achieved by 
detection of alteration in electrophoretic mobility of DNA fragments in gels, with or 
5 without denatunng agents. Small sequence deletions and insertions can be visualized 
by high resolution gel electrophoresis. DNA fragments of different sequences may be 
distinguished on denaturing formamide gradient gels in which the mobilities of 
different DNA fragments are retarded in the gel at different positions according to then- 
specific melting or partial melting temperatures (see, e.g., Myers et al., Science, 230: 
10 1242 (1985)). 

Sequence changes at specific locations also may be revealed by nuclease 
protection assays, such as RNase and SI protection or the chermcal cleavage method 
(e a , Cotton et al., Proc. Natl. Acad. Sci., USA, 85: 4397-4401 (1985)). 

Thus the detection of a specific DNA sequence may be achieved by methods 
15 such as hybridization, RNase protection, chemical cleavage, direct DNA sequencing or 
the use of restriction enzymes, (e.g., restriction fragment length polymorphisms 
("RFLP") and Southern blotting of genomic DNA. 

In addition to more convenuonal gel-electrophoresis and DNA sequencing, 
mutations also can be detected by in situ analysis. 
9 0 In accordance with a further aspect of the invention, there is provided a process 

for determining disease associated with viral infection, tumorogenesis and to control 
embryogenesis and tissue homeostasis. Diseases associated with viral infection, 
tumorogenesis and to control embryogenesis and tissue homeostasis, or a susceptibility 
to viral infection, tumorogenesis and to diseases and defects in the control of control of 
25 embryogenesis and tissue homeostasis. Thus, a mutation in ICE LAP-6 indicates a 
susceptibility to viral infection, tumorogenesis and to diseases and defects in the 
control embryoeenesis and tissue homeostasis, and the nucleic acid sequences 
described above may be employed in an assay for ascertaining such susceptibility. 
Thus for example, the assay may be employed to determine a mutation in a human 
.0 ICE LAP-6 protein as herein described, such as a deletion, truncation, insertion, frame 
shift etc with such mutation being indicative of a susceptibility to viral infection. 
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tumorogenesis anc^o diseases and defects in the control of emB^ogenesis and tissue 
homeostasis. 

A mutation may be ascertained for example, by a DNA sequencing assay. 
Tissue samples, including but not limited to blood samples are obtained from a human 
5 patient. The samples are processed by methods known in the art to capture the RNA. 
First strand cDNA is synthesized from the RNA samples by adding an oligonucleotide 
primer consisting of polythymidine residues which hybridize to the polyadenosine 
stretch present on the mRNA's. Reverse transcriptase and deoxynucieoudes are added 
to allow synthesis of the first strand cDNA. Primer sequences are synthesized based 
10 on the DNA sequence of the ICE LAP-6 protein of the invention. The primer 
sequence is generally comprised of at least 15 consecutive bases, and may contain at 
least 30 or even 50 consecutive bases. 

- Individuals carrying mutations in the gene of the present invention may also be 
detected at the DNA level by a variety of techniques. Nucleic acids for diagnosis may 
15 be obtained from a patient's cells, including but not limited to blood, urine, saliva, 
tissue biopsy and autopsy material. The genomic DNA may be used directly for 
detection or may be amplified enzymatically by using PCR (Saiki et ai y Nature, 
324: 163-166 (1986)) prior to analysis, RT-PCR can also be used to detect mutations. 
It is particularly preferred to used RT-PCR in conjunction with automated detection 
20 systems, such as, for example, GeneScan. RNA or cDNA may also be used for the 
same purpose, PCR or RT-PCR. As an example, PCR primers complementary to the 
nucleic acid encoding ICE LAP-6 can be used to identify and analyze mutations. For 
example, deletions and insertions can be detected by a change in size of the amplified 
product in comparison to the normal genotype. Point mutations can be identified by 
25 hybridizing amplified DNA to radiolabeled RNA or alternatively, radiolabeled 
antisense DNA sequences. Perfecdy matched sequences can be distinguished from 
mismatched duplexes by RNase A digestion or by differences in melting temperatures. 

Primers, selected by well known methods, may be used for amplifying ICE 
LAP-6 cDNA isolated from a sample derived from a patient. The invention also 
30 provides the pnmers selected with 1, 2, 3 or 4 nucleotides removed from the 5' and/or 
the 3' end. The pnmers may be used to amplify the gene isolated from the patient such 
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that the gene may then be subject to various techniques for elucidation of the DNA 
sequence. In this way, mutations in the DNA sequence may be diagnosed. 

Sequence differences between the reference gene and genes having mutations 
may be revealed by the direct DNA sequencing method. In addition, cloned DNA 
5 segments may be employed as probes 'to detect specific DNA segments. The 
sensitivity of this method is greatly enhanced when combined with PCR. For 
example, a sequencing primer is used with double-stranded PCR product or a single- 
stranded template molecule generated by a modified PCR. The sequence, 
determination is performed by conventional procedures with radiolabeled nucleotide or 
10 by automatic sequencing procedures with fluorescent-tags. 

Genetic testing based on DNA sequence differences may be achieved by 
detection of alteration in elecrrophoretic mobility of DNA fragments in gels with or 
without denaturing agents. Small sequence deleuons and insertions can be visualized 
by high resolution gel electrophoresis. DNA fragments of different-sequences may be 
15 distinguished on denaturing formamide gradient gels in which the mobilities of 
different DNA fragments are retarded in the gel at different positions according to their 
specific melting or partial melting temperatures (see, e.g., Myers et aL, Science, 
230:1242(1985)). 

Sequence changes at specific locations may also be revealed by nuclease 
20 protection assays, such as RNase and SI protection or the chemical cleavage method 
(eg.. Cotton et aL, PNAS, USA, 85:4397-4401 (1985)). 

Thus, the detection of a specific DNA sequence and/or quantitation of the level 
of the sequence may be achieved by methods such as hybridization, RNase protection, 
chemical cleavage, direct DNA sequencing or the use of restriction enzymes, (e.g., 
25 Restriction Fragment Length Polymorphisms (RFLP)) and Southern blotting of 
genomic DNA. 

The invention provides a process for diagnosing or detecting, disease, 
particularly .Alzheimer's disease, Parkinson's disease, rheumatoid arthritis, septic 
shock, sepsis, stroke, chronic inflammation, acute inflammation, CNS inflammauon, 
30 osteoporosis, ischemia reperfusion injury, cell death associated with cardiovascular 
disease, polycystic kidney disease, apoptosis of endothelial cells in cardiovascular 
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disease degenerauPliver disease, MS, ALS, cererbellar ftnerauon, ischemtc 
injury myocardial infarction, AIDS, myelodysplastic syndromes, aplastic anemra, 
.nale pattern baldness, and head injury damage, as well as a susceptibility to ™* 
iMecuon and cancer, an to detect aberrant control of embryonic development and 
dssue hotneostasts, comprising determining from a sample derived from a patten! 
altered expression of polynucleotide havtng the sequence of Figure 1 or the 
polynucleotide sequence of the deposited clone as compared to normal control 
samples Expression of polynucleotide can be measured using any one of the 
methods well known in the art for the quotation of polynucleotides, such as, for 
example, PCR, RT-PCR. RNase protection. Northern blotting and other 

hybridization methods. 

In addition to more conventional gel-electrophoresis and DNA sequencing, 

mutations can also be detected by in situ analysis. 

Fluorescence in situ hybridization (FISH) of a cDNA clone to a metaphase 
chromosomal spread can be used to provide a precise chromosomal location. 

As an example of how this is performed, ICE LAP-6 DNA is digested and 
purified with QIAEX H DNA purification kit (QIAGEN, Inc., Chatsworth, CA) and 
ligated to Super Cos 1 cosmid vector (STRATAGENE, La Jolla, CA). DNA is purified 
using Qiagen Plasnud Purification Kit (QIAGEN Inc., Chatsworth, CA) and 1 mg is 
, lab eled by nick translation in the presence of Biotin-dATP using BioNidc Labeling Kit 
(GibcoBRL, Life Technologies Inc., Gaithersburg, MD). Biotinilation is detected with 
GENE-TECT Detection System (CLONTECH Laboratories, Inc. Palo Alto, CA). In 
tfu Hybridization ts performed on slides using ONCOR Light Hybridization Kit 
(ONCOR Gaithersberg, MD) to detect single copy sequences on metaphase 
•5 chromosome, Peripheral blood of normal donors is cultured for three days m RPMI 
16 40 supplemented with 20% PCS, 3% PHA and penicillin/ streptomycin, 
synchronized with 10* M methotrexate for 17 hours and washed twice with 
unsupplemented RPMI. Cells are incubated with 10" 3 M thymidine for 7 hours. The 
cells are arrested in metaphase after 20 minutes incubation with colcemid (0.5 ^g/ml) 
30 followed by hypotonic lysis in 75 mM KC1 for 15 minutes at 37°C. Cell pellets are 
then spun out and fixed in Camov's Fixative (3:1 methanol/acetic acid). 
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Metaphase lids are prepared by adding a drop of tension onto shdes 
md atd dried. Hybridizadon ,s performed by adding 100 ng of probe suspended m 10 
^ of nyc.ndiza.on mtx (50* -de. 2xSSC, .* dextran sulfa*) w,th bioc^g 
buman placenta, DNA 1 ug/nu). Probe mixrure - denatured for 10 «*— 
water bath and incubated for 1 hour at 37°C, before piacing on a prewarmed (37 
slide, which is previously denatured in 70% formarrude^SC at 70°C, and 
dehydrated in ethanol series, chilled to 4°C. 

Slides are incubated for 16 hours a. 37°C in a humidified chamber. Sudes are 
washed in 50% formamide/2xSSC for 10 minutes at 4l°C and 2xSSC for 7 minutes at 
37=C Hybriduation probe i. dented by incubadon of the slides with FTTC-Avtdtn 
(ONCOR Gaithersberg,MD), according to the manufacturer protocol. Chromosomes 
are countered with propridium iodine suspended in mounting medium. Shdes are 
visualized using a Leitz ORTHOPLAN 2^ifluorescence microscope and five 
computer unages are taken ustng Imagenetics Computer and Macintosh ^nte. 

Once a sequence has been mapped to a precise chromosomal locauon. the 
pnysical posidon of the sequence on the chromosome can be correlated with geneuc 
map data. Such data are found, for example, in V. McKusick, Mendelian tnHen^e 
* Man (pubiicly available on-line via computer (tame,),. The relationship between 
„enes and diseases that have been mapped to the same chromosomal region are then 
, Identified through linkage analysis using well known methods. 

Unless otherwise stated, transformauon was performed as described rn the 
method of Graham, F. and Van der Eb, A., Virology, 52.456^57 «973). 
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Chromosome assays 

The sequences of the present tnventton are also valuable for chromosome 
.dentification. The sequence is spectftcaUy targeted to and can hybridize with a 
particular locadon on an indivdual human chromosome. Moreover, there „ a current 
need for identrfying particular sttes on the chromosome. Few chromosome marking 
reagents based on acrual sequence data (repeat polymorphisms) are presendy avauable 
for marktng chromosomal location. The mapp.ng of. DNA, to chromosomes 
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• nNA of an ICE LAP-6 gene. This can be accomplished using a 

^rctally. The genomtc DNA is used for - - chromosome ™ "»» ^ 
Zn techlques for to Purpose. Typically, tn accordance wtth rouune procedures 

probe thrives a g ood in situ hybridization stgna, 

I„ some cases, in addidon. sequences can be mapped to 

-to. PCR primers (preferably IMS bp) from the cDNA. Computer analysts of 

, ,on in the -enotruc DMA. thus complicating the amphflcaaon process. 

" " - L - for PC, screens of somatic cen hybrtds containin g 
"human chromosome, Only those hybrtds cont^n g the human g ene 
corresponding to the primer will yield an amplified fragment. 

PCR mapping of somatic cel. hybrids is a rapid procedure for ass lg ntn g a 
DNA tTa particular chromosome. Usin g the present mvention w,th the same 
7^ X*. — can he actueved with panels 
, tms^c chlosomes or pooU of >ar g e genomtc clones in an analo g ous manne, 
2<Zw strate.es that can suntlarly be used to map to Us chromosome tnclu* 
ta tu brLtiou, prescreetung whh .abeled flow-sorted chromosomes and 
pLllecdon by hybridization to consuuct chromosome speciftc-cDNA hbrane, 
^ Licence in sim hybndization <™ of a cONA clone to a metaphase 

. „ an ^ useo ro provide a precise chromosomal location ui one 
15 chromosomal spread can be used to pro 

SK p. This technique can be used with cDNA as short as ,0 or 

Jhnique, see Verma et a,. HUMAN CHROMOSOMES; A MANUAL OF BASK 
TFCHNIOUES Pergamon Press, New York ( 1988). 

" sequence has been mapped to a prectse chromosomal iocauo, the 
■ f me sequence on the chromosome can be correlated with genetic 
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imER[ T^CE SL (publicly avatlabie on Une via comft. The relationship 
INHERITANCE ^ ^ rcglon , . 

between genes and diseases mat ....„« „ h vsicallv adjacent 

„ then identified tough Unkage analysis (co.nhen.ance of phys.caliy 

S=I,K) ' Next ,. is necessary to determme the differences m the cDNA or genome 
seance be'tween affected and unaffected .dividual, If a tnuta.cn is *-»d » 
Z or aU of the affected indiv.duals hut no, tn any normal indiv.duais, then the 
station is likely to be the causative agent of the disease. 

With current resolu.on of physical mapping and genetic mapp-ng techntoues a 
DNA Precisely localized to a chromosomal region associated with the disease could 
ZTb^een 5 0 and 5 00 potent!, causal genes. (This assumes > megabase 
mapping resolution and one gene per 20 kb). 

Polypeptide assays 

J pr sent — also relates to a optative and semt- q u— 
diagnos, lays for detect^ levels of 1CB * ^ 

including determination of normal and abnormal levels. Thus. 
IU assay in accords with me Urvention for detecdng overdo CB 
protein compared to normal contro! tissue samples may be used o deKct *e 

0 ™ of a tumor, or other abnormal cell grow* or proliferate for examp^ 
0 presence ^ rf a ^ Juch ffi m ICE 

£. 1 *ose of *U h dte art. Snch assay n^. inc.de — „ 
competitive-binding assays. Western Blot analyse and ELISA assays. Am g 
competm comprises prepanng an 

-FT TSAs frequently are preferred- An ELloA assay J 
25 ELISAs freq y ^ ^ addmon a 

reU -body , attached a detectable reagent such as radtoacuve, fluorescent 

CT .nr in this example horseradish peroxidase enzyme. 

30 — :r — * — - * - ^ — r:i 

soUd support. .... a poiystytene dts, that btnds the prote.ns tn the samp.e. Any 
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protein binding site^ the dish are then covered by incubating * non-specific 
protein such as bovine serum albumin. Next, the monoclonal antibody is incubated in 
the dish during which time the monoclonal antibodies attach to any ICE LAP-6 
proteins attached to the polystyrene dish. Unbound monoclonal antibody is washed 
out with buffer. The reporter antibody linked to horseradish peroxidase is placed in the 
dish resulting in binding of the reporter antibody to any monoclonal antibody bound to 
ICE LAP-6. Unattached reporter antibody is then washed out. Reagents for 
peroxidase activity, deluding a colorimetric substrate are then added to the dish. 
Immobilized peroxidase, linked to ICE LAP-6 through the primary and secondary 
antibodies, produces a colored reaction product. The amount of color developed in a 
given time period indicates the amount of ICE LAP-6 protein present in the sample. 
Quantitative results typically are obtained by reference to a standard curve. 

A competition assay may be employed wherein antibodies specific to ICE 
LAP-6 attached to a solid support and labeled ICE LAP-6 and a sample derived from 
the host are passed over the solid support and the.amount of label detected attached to 
the solid support can be correlated to a quantity of ICE LAP-6 in the sample. 

Antibodies 

The polypeptides, their fragments or other derivatives, or analogs thereof, or 
cells expressing them can be used as an immunogen to produce antibodies thereto. 
These antibodies can be, for example, polyclonal or monoclonal antibodies. The 
present invention also includes chimeric, single chain, and humanized antibodies, as 
well as Fab fragments, or the product of an Fab expression library. Various procedures 
known in the art may be used for the production of such antibodies and fragments. 
5 Antibodies generated against the polypeptides corresponding to a sequence of 

the present invention can be obtained by direct injection of the polypeptides into an 
animal or by aciministering the polypeptides to an animal, preferably a nonhuman. The 
antibody so obtained will then bind the polypeptides itself. In this manner, even a 
sequence encoding only a fragment of the polypeptides can be used to generate 
l0 antibodies binding the whole native polypeptides. Such antibod.es can then be used to 
isolate the polypeptide from tissue expressing that polypeptide. 
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For preparaE of monoclonal antibodies, any technique winch provides 
mu bodies produced by continuous c=„ Une cultures can be used. Examples include 
me hybndoma — (Kohler, G. and Milstein. C N^re 2,6: 495-497 (,975, 
the trioma technique, the human B-c=U hybndoma technique (Kozbor =t al.. 
To*, 4: 72 (19S3, and the EBV-hybndoma technique to produce human 
monoclonal anybodies (Cole et ai., pg. 77-96 in MONOCLONAL ANTIBODIES AND 
CANCER THERAPY, Alan R. Liss, Inc. (1985). 

Techniques described for the production of single Cham antibodies (U.S. Parent 
No 4 946 778) can be adapted to produce single chain antibodies to immunogenic 
polypepude products of tins invent Also, tnansgenic truce, or other organisms such 
as other mammals, may be used to express humanized antibodies to immunogenic 
polypeptide products of this invention. 

The above-described antibodies may be employed to isoiate or to identify 
clones expressing the polypeptide or punfy the polypeptide o, the present invention by 
5 aKachment of the antibody to a solid support for isolation and/or purificanon by 

affinity chromatography. 

Thus among others, antibodies against ICE LAP-6 may be employed to tnlubu 
the action of such ICE LAP-6 poiy^ddes, for example, in the treatment of 
Alzheimer's disease, Parkinson's disease, rheumatoid anhntis, septic shoe!, sepsis, 

-0 stroke, chronic inflammation, acute inflanunauon, CNS mflammatton. osteoporosis, 
ischemia .perfusion injury, c=U death associated with cardiovascular dtsease, 
pciycystic kidney disease. apoptos.s of endothelial cells m cardiovascular disease, 
degenerative Uver disease, MS, ALS. cererbeUar degeneration, ischemic injury, 
myocardial infarction, AIDS, myelodysplasuc syndromes, aplasuc anemia, male 

25 pattern baldness, and head injury damage. 

ICE LAP-6 binding molecules and assays 

This invenuon also provides a method for idenuficauon of molecules, such as 
receptor molecules, that b,nd ICE LAP-6. Genes encoding proteins that bind ICE 
30 LAP-6, such as receptor proteins, can be identified by numerous methods known to 
those of skill in the art. for example. iigand panning and FACS sorting. Such methods 
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are described in many laboratory manuals such as, for instance, Coligan et al., Current 
Protocols in Immunology 1(2): Chapter 5 (1991). 

For instance, expression cloning may be employed for this purpose. To this 
end polyadenylated RNA is prepared from a ceil responsive to ICE LAP-6, a cDNA 
library is created from this RNA, the library is divided into pools and the pools are 
transfected individually into cells that are not responsive to ICE LAP-6: The 
transfected cells then are exposed to labeled ICE LAP-6. (ICE LAP-6 can be labeled 
by a variety of well-known techniques including standard methods of radio-iodination 
or inclusion of a recognition site for a site-specific protein kinase.) Following 
exposure, the cells are fixed and binding of ICE LAP-6 is determined. These 

procedures conveniendy are carried out on glass slides. 

Pools are identified of cDNA that produced ICE LAP-6-binding cells. Sub- 
pools are prepared from these positives, transfected into host cells and screened as 
described above. Using an iterative sub-pooling and re-screening process, one or more 
15 single clones that encode the putative binding molecule, such as a receptor molecule, 
can be isolated. 

Alternatively a labeled ligand can be photoaffinity linked to a cell extract, such 
as a membrane or a membrane extract, prepared from cells that express a molecule that 
it binds,, such as a receptor molecule. Cross-linked material is resolved by 
20 polyacrylamide gel electrophoresis ("PAGE") and exposed to X-ray film. The labeled 
complex containing the ligand-receptor can be excised, resolved into peptide 
fragments, and subjected to protein" microsequencing. The amino acid sequence 
obtained from microsequencing can be used to design unique or degenerate 
oligonucleotide probes to screen cDNA libraries to identify genes encoding the 

25 putative receptor molecule. 

Polypeptides of the invention also can be used to assess ICE LAP-6 binding 
capacity of ICE LAP-6 binding molecules, such as receptor molecules, in cells or in 
cell-free preparations. 
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Agordsts and antagotusts- assays and molecules 

The tnvenuon also provides a method of screening compounds to tdenufy 
.hose which enhar.ce or bloc, the acrion of ICE LAP-6 on cells, such as Us tnteracuon 
with ICE LAP-6-binding molecules such as receptor moiecules. An agorust ,s a 
compound which tncreases me naoaral biological Actions of ICE LAP-6 or winch 
functions m a manner simtlar Co ICE LAP-6, while autagotusts decrease or ehrrunate 
such functions. 

For example, a ceUular compartment, such as a membrane or a preparanon 
thereof, such as a membrane-preparation, may be prepared from a cell that expresses a 
molecule that btnds ICE LAP-6, such as a molecule o, a signaling or regulatory 
pathway modulated by ICE LAP-6. The preparation ts incubated wtth labeled CE 
LAP-6 in the absence or the presence o, a candidate molecule whtch may b. an CE 
agorust or antagomst. The abtlity of the candidate molecule to bind the btnchng 
moleculeisreflecredtndecreasedbtndingofthelabeledUgand. Molecules whKhbtnd 
gratuttousiy, i.e.. without inducing the effects of ICE LAP-6 on binding the ICE LAP- 
Lnding mo,ecu,e, are most l*ely to be good antagonrsts. Molecules that btnd weU 

ICE LAP-6-like effects of potential agonists and antagonists may by measured, 
for instance, by determuung activtty o, a second messenger system following 
, interact of the candidate molecule with a c=U or appropria* cell prepared 
comparing the effect with that of ICE LAP-6 or molecules that elict, the same effects 
as ICE LAP-6- Second messenger systems that may be useful in this regard mclude 
but are not United to AMP guanylate cyclase, ton channel or phosphotnosthde 
hydrolysis second messenger systems. 
3 Another example of an assay for ICE LAP-6 antagonists is a competutve assay 

mat combines ICE LAP-6 and a potential antagomst w«h membrane-bound ICE LAP- 
6 receptor molecules or recombinant ICE LAP-6 receptor mo«ecuies under approve 
condtLs for a compete inhtbmon assay. ICE LAP-6 can be iabeleo, such a, 
radioacuvtty. such that the number of !CE LAP-6 molecules bound to a receptor 
lecule can be determined accurate, to assess the effectless of the potenttal 
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Potential agonists .nclude small organic molecules, pepudes, pomades 
md ant.bod.es that bind to a polypeptide of the invenuon and .hereby mh.b.t or 
e X tingu,h u, activity. Potential antagonists also may be stnaH organtc molecule, 
pep^e. a polypeptide such a, a cioseiy related protem or anubody d*t b mds *e same 
ste on a binding molecule, such as a receptor molecule, without inducing ICE LAP- 
6-induced activitre, thereby preventing the action of ICE LAP-6 by excludmg ICE 

LAP-6 from binding. 

Potential antagonists include a small molecule which binds to and cccup.es the 
binding sue of the polypeptide thereby prevenung binding to cellular binding 
molecuies. such as receptor molecule, such that nonnal bioiogical acfvity , 
_d. Examples p, small molecules mclude but are not Umited to small organ, 
molecules, pepudes or pepude-uke molecule, Antoher antagon.se .s an ohgopepude 
comprising the cleavage site recognition motif for ICE LAP-6. 

Other potential antagonists include antisense molecules. Anusense technology 
can be used to control gene expression .rough antisense DNA or RNA - -through 
uiple-hehx formation. Antisense technics are discussed, for example in - 
Neurochetn. 56: 560 0991); OUCOOEOWUCLEOWES AS «E 
mmnORS OF GENE EXPRESSWN. CRC Press. Bca Raton, FL (1988). Triple 
helix formation is.discussed in, for stance Lee et al., **U* Research6: 073 
) (,979)- Cooney et al., Science 241: 456 (1988); and Dervan et al.. Science 251: 

(,„„' The methods are based on binding of a polynucleotide to a complementary 
DNA or RNA. For example, the 5 coding potion o, a polynucleotide mat encodes me 
^arure polypeptide o, the present invention may be used to destgn at, antisense RNA 
oligonucleotide from about 10 to 40 base parrs in length. A DNA oligonucleo .de , 
, S de igned to be complementary to a reg.cn of the gene .nvolved ,n transcription thereby 
' prevenung transcripuon and the producuon of ICE LAP,. The anusense^NA 
oligonucleotide hybndizes to the mRNA ,n vivo and b,oc*s translation of the mRNA 
molecule "into ICE LAP-6 polypeptide. The ol.gonucleot.des described above can also 
be delivered to cells such that the anusense RNA or DNA may be expressed ,n v,vo 
30 inhibit production of ICE LAP-6. 
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Agonists tftd to defective cellular proliferation, ftling. for example, 
cancer cells and solid tumor cells may be used for the treatment of these diseases. 
Such targeting may be achieved via gene therapy of using antibody fusions. 

Agonists may also be used to treat follicular lymphomas, carcinomas 
associated with P 53 mutations, autoimmune disorders, such as, for example, SLE, 
unmune-mediated glomerulonephritis: and hormone-dependent tumors, such as, for 
example, breast cancer, prostate cancer and ovary cancer; and V1 ral infections, such as, 
for example, herpesviruses, poxviruses and adenoviruses. 

The antagonists may be employed in a composition with a pharmaceutically 
acceptable carrier, e.g., as hereinafter described. 

The antagonists may be employed for instance to inhibit the action of ICE 
LAP-6 polypeptides, for example, in the treatment of Alzheimer's disease, Parkinson's 
disease, rheumatoid arthritis, septic shock, sepsis, stroke, chronic inflammation, acute 
^animation, CNS inflammation, osteoporosis, ischemia reperfusion injury, cell death 
associated with cardiovascular disease, polycystic kidney disease, apoptosis of 
endothelial cells in cardiovascular disease, degenerative liver disease, MS, ALS, 
cererbeilar degeneration, ischemic injury, myocardial infarction, AIDS, 
myelodysplastic syndromes, aplastic anemia, male pattern baldness, and head injury 
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'The antagonists may be employed in a composition with a pharmaceutically 
acceptable carrier, e.g., as hereinafter described. 

Compositions 

The invention also relates to compositions comprising the polynucleotide or 
the polypeptides discussed above or the agonists or antagonists. Thus, the 
polypeptides of the present invention may be employed in combination -w,th a non- 
stcnle or sterile carrier or earners for use with cells, tissues or organisms, such as a 
pharmaceutical carrier suitable for admimstradon to a subject. Such composes 
comprise for instance, a media additive or a therapeutically effective amount of a 
polypeptide of the invention and a pharmaceutically acceptable carrier or extent. 
Such earners may .nclude, but are not titrated to. saltne. buffered saltne. dextrose. 
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water, glycerol. Ji - <°— * to ° f ' ^ f0im ^ OT ^ "* 

mode of administration. 

Kits 

The invention further relates to pharmaceutical packs and kits compnstng one 
or more coders filled with one or more of the mgredients of the aforemention^i 
compositions of d. mvention. Associated with such concerts) can be a nodce m the 
form prescribed by a governmental agency regulating the manufacture, use or sa* of 
pharmaceuticals or btologica, products, reflecting approval by the agency o, the 
manufacture, use or sale of the product for human adtniiustration. 

Administration 

Polypeptides and other compounds of the present mvention may be employed 
alone or in conjunction with oth* compounds, such as therapeutic compounds. 

The pharmaceutical compositions may be administered in any effecttve, 
convement manner including, for instance, admtnistration by topical, oral, anal, 
vagtnaJ, intravenous, tntrapentoneal. intramuscular, subcutaneous, intranasal or 
intradermal routes among others. . 

The pharmaceutical compositions generally are admmistered » an amount 
0 effective for treatment or prophylaris of a spectfic indication or mdications. to 
.eneral, the compositions are administered to an amount of a. least about 10 ug*g 
oody weight. In most cases they wtB be administered in an amount not in escess of 
about 8 mg/kg body weight per day. Preferably, in most cases, dose ts from about 
ug/ kg „ about 1 mg* g body weight, daUy. It wOl be apprecated that opttrnum 
,5 oLge will be determined by standard methods for each treatment modahty and 
" indication, taking .nto account the indication, its seventy, route of admtmstrauon, 
complicating conditions and the like. 
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Gene therapy 

The ICE polynucleotides, polypeptides, agonists and antagonists that 

are polypeptides may be employed in accordance w*h the present invention by 
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expressvon of such Hepades in vivo, in treatment ^> » « 

" 8OTeth r " f o r example, cells from a pane, may - engrneered . 

, , ,-cte such as a DNA or RNA. encoding a polypeptide ex wo, and the 
irirl - 1 be provided to a padent to * treated with - 
Sample, cells may he engmeerec^Wbfthe use o ( a retroviral plasmrd vector 
Lrn RNA encoding a polypi the present invention. Such — - 
well-Jn tn the ar, and the, use in the presen. invention wil, he apparent from the 

"laTy, cens may he engineered ufWor expression o ( a polypepdde U, 
v,vo by procedures known in the art. For example, a polynucleotide of the tavenuon 
ly ^engineered for expression in a replication defecdve retroytra! vector. . 
Zussed Le. The retroviral expression constat then tnay be tsolateu and 

H dtto a packaging cell ,s transduced with a retrovtal plasmid vector 

introduced into a packing 

containing RNA encoding a poiypeptide of the present .nvenuon such * 
packagmg ceU now produces infectious viml particles contatnmg the gene o, uuerest 
Cprlucer ceUs may be admhustered to a padent for engrneenng ce s „ vrvo and 
" rein of the polypepdde m vivo. These and other methods for adn_^a 
Jypepdde of the present — by such method should be apparent to those 
skilled in the art from the teachings of the present invention. 

Re—s from which the rerrov^al plasmid vectors herem above mentioned 
^ he derived tnclude. but are not Unuted to, Moloney Murine Uuketnia Vuu, 
Zn necrosis v*rs. retroviruses such as Rous Sarcoma V*us. Harvey Sarcoma 
tT avian leukosis vi™. gibbon ape leukemra virus, human .mmunodeficrency 
v*us adenovirus. Myeloproliferadve Sarcoma Vrms. and mammary tumor ™us. In 
Z — nt, the rerrov.al plasmid vector is derrved from Moloney Munne 

"Actors wen tndude one or more promoters for expressing the 
, Suitable promoters which may be employed include, but are not Unuted 

TZZZZ* le SV.0 promote, the CMV promoter described tn Miller 
lal.. 7: 980-990 « 1989). or any other promoter (e.g., cellular promoters 
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such as eukaryotic cefL promoters including, but not limited to, the histone, RNA 
polymerase HI, and B-actin promoters). Other viral promoters which may be 
employed include, but are not limited to, adenovirus promoters, thymidine kinase (TK) 
promoters, and B 19 parvovirus promoters. The selection of a suitable promoter will be 
5 apparent to those skilled in the art from the teachings contained herein. 

The nucleic acid sequence encoding the polypeptide of the present invention 
will be placed under the control of a suitable promoter. Suitable promoters which may 
be employed include, but are not limited to, adenoviral promoters, such as the 
adenoviral major late promoter; or heterologous promoters, such as the CMV 
10 promoter, the respiratory syncytial virus ("RSV") promoter; inducible promoters, such 
as the MMT promoter, the metallothionein promoter, heat shock promoters; the 
albumin promoter; the ApoAI promoter, human globin promoters; viral thymidine 
kinase promoters, such as the Herpes Simplex thymidine kinase promoter; retroviral 
LTRs (including the modified retroviral LTRs herein above described); the B-actin 
15 promoter; and human growth hormone promoters. The promoter also may be the 
native promoter which controls the gene encoding the polypeptide. 

The retroviral plasmid vector is employed to transduce packaging cell lines to 
form producer ceU lines. Examples of packaging cells which may be transfected 
include, but are not limited to, the PE501, PA317, T2, T AM, PA12, T19"14X, VT19" 
20 1TH2, YCRE, YCRIP, GP*E-86, GP T envAml2, and DAN cell lines as described in 
Miller, A., Human Gene Therapy I: 5-14 (1990). The vector may be transduced into 
the packaging cells through any means known in the art. Such means include, but are 
not limited to, electroporation, the use of liposomes, and CaP0 4 precipitation. In one 
alternative, the retroviral plasmid vector may be encapsulated into a liposome, or 
25 coupled to a lipid, and then administered to a host. 

The producer cell line will generate infectious retroviral vector particles, which 
include the nucleic acid sequence(s) encoding the polypeptides. Such retroviral vector 
particles then may be employed to transduce eukaryotic cells, either in vitro or in vivo. 
The transduced eukaryotic cells will express the nucleic acid sequence(s) encoding the 
30 polypeptide. Eukaryotic cells which may be transduced include, but are not limited to, 
embryonic stem cells, embryonic carcinoma cells, as well as hematopoietic stem cells. 
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hepa.ccy.es. ftbrocS. «y<*«». Oocytes, endoteUaWlls, and bronchia! 
epithelial cells. 

EXAMPLES 

5 The present invention is further described by the following examples. The 

examples are provided solely to illustrate the invention by reference to specific 
embodiments. These exemplificaaon' s, while illustrating certain specific aspects of 
the invention, do not portray the limitations or circumscribe the scope of the disclosed 
invention. 

10 - Certain terms used herein are explained in the foregoing glossary. 

All examples were carried out using standard techniques, which are well 
known and routine to those of skill in the art, except where otherwise described * 
detail Routine molecular biology techniques of the following examples can be earned 
? outas described instandard laboratory manuals, such as Sambrook =t al., cited above, 

f 15 All parts or amounts set out in the following examples are by we.ght, unless 

t otherwise specified. As used herein. "CILs" means cytotoxic lymphocytes. 

& Unless otherwise stated, size separation of fragments in the examples below 

was carried ou, using standard techniques of agarose and polyacryiamide gel 
I electrophoresis ("PAGE") in Sambrook and numerous other references such as, for 

t 20 instance, by Goedde! e. al.. M^ic Res. 8: 4057 (1980). 

C Unless desenbed otherwtse, ligations were accomplished using standard 

" buffers mcubation temperatures and times, approximately equtmolar amounts of the 

DMA fragments to * ligated and approximately 10 units of X4 DNA ligase ("ligase") 

per0.5ugofDNA. 

Example 1 Cloning, expression and purification of human ICE LAP-6 
Summary 

(Ambers of the ICEW-J gene family are belived to be effector components 

of the celllKmachinery. HOTin ^ " °° VC ' ^ 

des.gnated ICE Vs is charactered. By phylogenetic analysis. ICE LAP-6 ts 
dasstned mto the C^subfamdy wh,ch mdudes C=d-3. Yama/CPP^apopam. 
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Mch2 and K* LApfta3/CMH-l. ICE LAP-6 contains A site QACGG 

pentapeptide, lh« ttem QACR ° by ^ 

V OverexpressionV ICE LAP-6 induces apoptosis in MCF7 breast caxctnoma ceUs. 

" ICE LAP-6 is a\o proteolytically processed into an active cysteine protease by 
5 granzyme B, an imWant component of cytotoxic T cell-mediated apoptosis. Once 
activated, ICE LaL ts able to cleave the death substrate poly (ADP-nbose) 
polymerase (PARP) i\. signature apoptotic fragments. 

Overexpression of ICE LAP-6 in MCF7 breast carcinoma cells induces cell 
death and mutation of the putative catalytic cysteine residue abolishes its apoptotic 
10 potential. Furthermore, granzyme B direct* activates ICE LAP-6 and Yama ,n 
vitro, suggesting that granzyme B may mediate its cy,otox,c effect via activation of 
several ICE/Ced-3 famUy members. Once activated, Yama and ICE LAP-6 are both 
able to cleave the DNA repair enzyme poly (ADP-ribose, polymerase (PAW) mto 
signature apoptottc fragments. Taken together, these results indicate that ICE LAP- 
1S 6, like other members of the C=d-3 subfamUy, likely plays an important role m the 
apoptotic mechanism. 

Cloning of ICE LAP-6 

A cDN A corresponding to the partial open reading frame of ICE LAP-6 was 
,0 identified as a sequence homologous to ICE LAP-3 (Duan, H., et al. (1996) L Biol. 
Chem ^71 35013-35035) on searching database comprising ESTs made by 
established EST methods (Adams, M. D.. et al. (1991) Science 252, 1651-1656; 
Adams M. D.. et al (1992) Nature 355, 632-634). A novel cDNA clone, encoding a 
partial open reading frame, was identified. and showed sequence homology wuh 
,5 members of the gene family. Of 22 positive clones, 6 clones yielded a 

, 3 kb cDNA containing an 1252-base pan- open reading frame that encoded a novel 
protein with a predicted molecular weight of 45.8 kD, designated ICE LAP-6 (see 
Figure 1) The putative initiator methionine (GCCATGG; Met codon underlined) 
m agreement with the consensus Kozak's sequence for translation initiation 
30 (Kozak M (1989) J Cell Biol 108. 229-241). Ttus clone contains an open reading 
frame encoding the C-termmal 300 ammo acids of ICE LAP-6. Full length cDNAs 
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were obtained bySeening an oligo-d(T) primed cDNA^ary of the human 
chronic myelogenous leukemia cell line K562. Approximately, 1 X 10 
transformants were screened with a *P-Labeled DNA fragment generated by PCR, 
corresponding to nucleotides 615 to 940 of the ICE LAP-6 open reading frame 
(Sambrook, J., et al (1989) Molecular Cloning: A Laboratory Manual, Second 
Edition, Cold spring Harbor Laboratory Press, New York). Double-stranded DNA 
sequencing was carried out by the dideoxy chain termination method using modified 
T7 DNA polymerase (Sequenase, United States Biochemical Corporation). 
Sequence alignments were performed using DNASTAR Megalign software. 



0 



-5 



30 



Northern Blot 

Analyses of Adult and fetal human multiple tissue Northern blots (Clontech) 
containing 2 vig/lane poly(A)*RNA were hybridized, according to the manufacturer's 
'instructions, using the same "P-labeled ICE LAP-6 probe used for library screening. 

Expression Vectors 

The DNA inserts encoding the C-terminal FLAG-tagged (ICE LAP-6 flag) or 
Hiso-tagocd (ICE LAP-6 His) ICE LAP-6 were generated by PCR and subcloned 
into the mammalian expression vector pcDNA3 (Invitrogen). The 5' PCR primer 
(GAACGGGGTACCGCCATGGACGAAGCGGATCGGC) [SEQUENCE ID 

NO 5] contained a Kpnl restriction site and the two 3' primers 
(TGCTCTAGATTACTTGTCATCGTCGTCCTTGTAGTCTGATGTTTTAAAGT 

TAAGTTTTTTCCGGAG) [SEQUENCE ID NO. 9] or 

(TGCTCTAGATTAGTGGTGGTGGTGGTGGTGTGATGTTTTAAAGAAAAGT 

TTTTTCCGGAG) [SEQUENCE ID NO. 6] encoded a FLAG epitope tag 
(DYKDDDDK) or a His6 tag, respectively. Alteration of the active site cysteine 286 
to an alanine was accomplished by site-directed mutagenesis employing a four- 
primer PCR-based method (Higuchi, R.. et al (1988) Nucleic Acids Research 16, 
7351-7367). The mutagenetic oligonucleotides were 
AAGCTCTTTTTC AT C C AGGC C GC GGGTGGGG AGC A GAAGAC 
[SEQUENCE ID NO. 7] and 
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gtctttctgctc#:acccgcggcctggatgaaaaa^[sequenceid 

of the introduced mutation and fidelity of PCR replication 



NO. 8]. The presence 
were confirmed by sequence analysis 
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Apoptosis Assays 

MCF7 breast carcinoma cells were transiently transfected as described 
previously (Chrnnaryan. A. M., =t ai (1995) C=U 81. 505-512, . Bnefly. 2.5 X itf 
MCF7 cells were transfected w,th 0.25 ag of the reporter plasmid pCMV J- 
.alactostdase plus 1 ug of test plasmtd in 6-we.l tissue culture dishes ustng 
upofectarnine as per manufacturer's instructions. The transfection was carried out tn 
, ml of Opti-MEM Minimal Media (GIBCO-BRL) and after 5 hours. 1 ml of serum- 
containing growth media was added. Two days iate, the cells were fixed w.th 0.5% 
glutaraldehyde and stained with X-gal for 4 hours. Cells were visualized by phase- 
contrast microscopy. At least 300 p-gaiac.stdase-pos.tive cells were counted for 
each transfection (n=3) and identified as apoptotic or nonapoptottc based on 
morphological alterations typtcal of adherent cells undergoing apoptosrs tncludmg 
becoming rounded, condensed, and detaching from the dish (Cohen. J. . (1993 
Immunology Today 14, 126-130). Expresston and Puriflcadon of tts6-Tag g ed 
Yama and His6-tagged ICE LAP-6 and ^-labeled Yama and ICE LAP-6 proteins 
were generated by U. n:ro transcription/translauon using the TNT ki. (Promega) 
according to the instructions of the manufacturer, the template plasmids were ICE 
LAP -6 His and Yama His (Tewari, M., et al. (!995) Cell SI, 801-809). The 
translated proteins were purified by chromatography as described previously 
(Tewari M et al. (1995) Cell 81. 801-809). Activation of ICE LAP-6 and Yama by 
Grange B-Purified * v^translated pro-ICE LAP-6 or pro-Yama was activated 
by incubation with granzyme B as descnbed previously (Quan. L. T.. e. al (1 96) 
PNAS 93 In Press). Briefly, 48 ml of »S-labeled protein was incubated wtth .0 
pmole of punfied granzyme B (22) in a total volume of 50 ul. After 4 hours. 20 ml 
of reactron was removed for SDS-PAGE analysts. 520 pmole of anti-GraB (Quan. 
L T et al (1996) PNAS 93. In Press, was added to the rest of the reacuon rrux to 
neutralize granzyme B acuvtty. Mowing a ,5 mm mcubatton. 1 ml (150 m g) o, 
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neutralize granzyme B activity. Folic 
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purified PARP TeH, M., et al. (1995) Ceil 81, 801-809^as added and the 
reaction was allowed to proceed for 2 hours. The control reaction containing PARP 
alone or PARP plus granzyme B and anti-GraB was carried out under identical 
conditions, except that Yama or ICE LAP-6 was not added. The reaction buffer 
contained 50 mM Hepes (pH 7.4), 0.1 M NaCl, 0.1% CHAPs, and 10% sucrose. All 
incubations were carried out at 37= C in 10 mM DTT. Samples were analyzed by 
immunoblotting with anti-PARP monoclonal . antibody C-2-10 as described 
previously Tewari, M. et al. (1995) Cell 81, 801-809). 

ICE LAP-6 is a Novel Member of the lCEJced-3 Gene Family 

blast search of GenBank protein data base revealed that the predicted 

t JqWe of ICE LAP-6 has significant similarity to the members of the 

ICEyCed-3 faW particularly in the regions corresponding to the active subunits of 
ICE (ThornbX, N. A.,et al (1992) Nature 356, 768-774) . In this region, ICE 
LAP-6 shares 31<Lequence identity (55% sequence similarity) with the C. elegans 
CED-3 protein, 33^ identity (52% sequence similarity) with ICE-LAP3, 30% 
identity (56% similanV with Mch2a and 29% sequence identity (52% similarity) 
with Yama. ICE LAP-6\o has 25%-28% sequence identity with ICE and the ICE- 
related genes, ICE rel H arilCE rel m. Phylogenetic analysis of the ICE/ced-3 
*ene family showed that ICe\aP-6 is a member of the Ced-3 subfamily which 
Includes Yama, ICE-LAP3, and kh2 (Figure 6). Like Ced-3, ICE LAP-6 contains 
a long N-terminal putative prodomk. Based on the x-ray crystal structure of ICE 
(Walker N. P. C. etal. (1994) Cell ?V 343-352; Wilson, K. P., et al (1994) Nature 
370 270-275), the amino acid residues W. Gly238, Cys285 of ICE are involved 
in catalysis, while the residues Argl79, G^83 and Arg341 form a binding pocket 
for the carboxylate side chain of the PI Wic acid. These six residues are 
conserved in all ICE/Ced-3 family members t^s far cloned as well as in ICE LAP- 
6 However, residues that form the P2-P4 bindiXockets are- not widely conserved 
among family members, suggesting that they mayVtermine substrate specificity. 
Surprisingly, ICE LAP-6 contains a unique activeW pentapeptide QACGG, 
instead of the QACRG shared by other family members (We 2). 
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Distribution of ICE LAP-6 

Northern bk* analysis revealed that ICE LAP-6 is constttutively expressed m 
a variery of human ussues. Two ICE LAP-6 mRNA transcripts were detected. The 
2 3 Wobase transcript corresponds to the srze of the cDNA clones isolated from the 
K562 library. The other transcript, which ,s approximately 3 kb, ts believed to 
represent an alternatively spliced ICE LAP-6 isoform. 

Overexpression of ICE LAP-6 in MCF7 Cells Induces Apoptosis 

To study the functional role of ICE LAP-6, MCF7 breast carcinoma cells 
j£ JsVuy transfected with an expression vector encoding the full-length ICE 
LAP 6 proteidCE LAP-6-flag) and subsequendy assessed for apoptouc features. 
L*e the other Ved-3 famtly members, expression of ICE LAP-6 caused ceil 
death (Figure 7).\ KE LAP-6-transfect=d MCF7 ceUs displayed morphology 

alterauons typical ofWent ^ ^'° siS ' 
condensed, and detachtW the dish. ICE LAP-6 induced apoptosts « 
inhibit by the broad soecVm ICE inhibitor Z -VAD fmlt (Pron*. G, ) (1996) 
Science m 808-810). ToVtennine whether the amino actd restdue Cys2 8 6. 
corresponding to the catalytic C V of ICE, was essential for apoptotic acdvrty, a 
mutant form of ICE LAP-6 was ge\ated in which the cysteine residue was atared 
t0 an alarune. MCF7 breast carcino\ cells were transiently transfected wtth the 
reporter gene b-galactosidase and e,A C-terminal flag-tagged ICE LAP-6, the 
mutant verston with the catalytic cystetneWe inactivated (ICE LAP-6 mt) or 
ICE as descnbed elsewhere herein. P=rce\ apoptotic cells represents the mean 
25 value from three independent experiments. \ predicted, overexpression of the 
mutant form of ICE LAP-6 did not induce apoptoW changes in MCF7 cells (Ftgure 
7) Funhermore, these results demonstrate thatV ICE/Ced-3 family member 
contaimng an active site QACGO pentapeptide (ra\r than QACRG) may sull 
possess apoptosis-tnductng potenual and presumably enzymatic acuv.ty. 

30 
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Proteolytic Activation of ICE LAP-6 by Granzyme B 

Members of the lCEJced-3 gene family are synthesized as proenzymes and 
activated by proteolytic cleavage at specific aspartate residues to form heterodimenc 
enzymes. In ICE, this cleavage removes the prodomain and produces a 
heterodimeric complex consisting of P 20 and plO subunits (Thornberry, N. A.,et al 
(1992) Nature 356, 768-774). Similarly, activated Yama is comprised of two 
subunits, P 17 and p!2. which are derived from a 32 kDa proenzyme Nicholson, D. 
Wet al (1995) Nature 376, 37-43). The mechanism by which death signals activate 
ICE/Ced-3 family members is poorly understood. Recent studies on granzyme B, 
however, suggest that cytotoxic T cells may utilize this secreted serine protease to 
directly activate members of the ICE/Ced-3 family. It has been demonstrated that 
oranzyme B can proteolyucaUy activate pro-Yama, generating an active enzyme 
capable of cleaving the death substrate PARP into characteristic fragments 
(Darmon A. J-, et al (1995) Nature 377, 446-448). By contrast, ICE, although 
cleaved by granzyme B, fails to be activated. Thus, it was determined whether ICE 
LAP-6 can serve as a substrate for granzyme B. His6 tagged ICE LAP-6 and Yama 
were generated by in vitro transcription/translation, and subsequently purified by Ni- 
affinity chromatography as described elsewhere herein. The punfied in Re- 
translated pro-ICE LAP-6 or pro-Yama was incubated with purified granzyme B 
(Hanna, W. U et al (1993) Protein Expr Purif 4, 398-404; Quan, L. T-, et al (1995) 
Journal of Biological Chemistry 270, 10377-10379). After 4 hours at 37°C, ICE 
LAP-6 was proteolytically processed into 3 fragments. The two low molecular 
weight bands represent the active subunits of ICE LAP-6 and correspond to the p!7 
and P 12 subunits of active Yama. The 32 kDa band is an likely intermediate, in 
which only the pro-domain is removed (a similar intermediate is generated m the 
activation of ICE LAP-3) Duan. H., et al. (1996) J. Biol. Chem. 271, 35013-3503,; 
Chinnaiyan. A. M., et al.. 1996) Journal of Biological Chemistry 271, 4573-4576). 
Next »ranzvme B-mediated cleavage of ICE LAP-6 was assessed for generation of 
an active enzvme by assaying for PARP cleavage. PARP is proteolyzed during 
m any forms of apoptosis. and the enzvme(s) responsible is likely of the ICE/Cedo 
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fanuly To excuse possibtlity of direct cieavage of P» by granzyme B. 

B-processed ICE LAP-6 and Yama were abated with a selecuve 
LnbL of granzyme B (autt-GraB, Bo* groyne B-processed ^ Yama - CE 
LAP-6 were active as detemuned by .heir abtlity to cieave PARP. Unhlte ICa .CE 
LAP-6 and other —3 of the Ced-3 subfamUy are able to cleave - 
s _ apoptotic fragments (Tewar, M., =. a, (1995) Cdl 81. 801-809, 

!, ■ T et al (1994) J Biol. Chem. 269, 30761-30764- N.cholson, 
Femandes-Alnemn, T., et al. (1994) . ,,„,. Canc „ 

D Wet al. (1995) Nature 376, 37^3; Femandes-Alnemn. T., e, al. (1995) Cancer 
Larch 55 6045-6052; Uppke, 1. A., et al. (1996) The Journal of Btoiogtca, 
Chemistry 271, 1825-1828; Fernandes-Alnemri. T.. et a,. (1995) Cancer Res 5, 

2737-2742). ■■ TrF / Ced _ 3 

^ PrWed by me present invention is a novel member of the ICE/Ced3 

i2L of3*ne proteases. ICE LAP-6 has a uruque active sue QACGG 

c . nn nf T^bAP-6 in mammalian cells causes apoptosis. 
15 EC,OPI ^: ™, m Yam, was directly activated b, grange B . 
vitTO , suggesting that cytotoxic T cells may mediate apoptosis by acuv^nore 
tan one lCE/Ced-3 family member in susceptible targe, cells. Yama, ICE-LAP3, 
Z 1 ICE LAP-6, have been shown to be proteolytic^ activated by apoptottc 

20 stimuli. 

Example 2 Gene therapeutic expression of human ICE LAP-6 

Fibroblasts are obtained from a subject by skin biopsy. The resulting tissue „ 
placed * <issue.u,ture mediutn and separated into small pieces. Small chunks of * 
, S issue are placed on a wet surface of a ttssue culture flask, approximately ten p,e,=s are 
I m each fas. The flask is ™ed upstde down, closed dgh. and ieft a. room 
v^rni.ht After ?4 hours at room temperature, the flask is inverted - the 

(e . Ham's F12 media, with 10% FBS. pentcillin and streptomycm). The ussue , 
30 hel.ncubated at 37'C for approximately one wee. At tins ume. fresh media » added 
Z : —ntly changed eve, several days. Aft er an add,onal two weeks ,n 
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culmre, a m-oHof <*«*<- emerges. The monolaye^psmrzed - — 

into larser flasks. " 

A vector for gene therapy is digested w.th restnoion enzymes for clomng a 
fragment to be expressed. The digest vector is -ted with caif huestmal 
phosphatase to prevent self-ligation. The dephosphorylated. linear vector ,s 
fractional on an agarose gel and purified. 

ICE LAP-6 cDNA capabie of expressing active ICE LAP-6. ,s tsolated. The 
snd s o, the fragment are modified, i, necessary, for cloning into the vector For 
„ 5' overhanging tnay he treated w«h DNA polymerase to create ,bta» end, 
■ 3- overhanging ends may he removed usmg Si nuclease. Lingers may he hgated ,0 
blunt ends with T4 DNA ligase. 

EqU ai quanuhes of the Moioney murine hernia vu.s Unear backbone and 
me ICE LAP-6 fragment are mixed together and jomed using T4 DNA Ugase. The 
Ugadon mixture , used to trar-sform * coU and the bactena are then plate onto agar- 
cont aming .anamycin. Kanamycm phenotype and restriction anaiys,s confirm that the 
vector has the properly inserted gene. n „, h ,„ n .. 

Pac K agtng cells axe grown in dssue culture to confluent densuy in Dulbecco 
Modrfied Eagles Medium (DMEM) w.th 10. calf serum (CS,, penicU^ .and 
STCpl omych, The vector containing thelCE LAP-6 gene ,s mtroduced *. 
paclgmg cells by standard techniques. Infectious viral particles contamrng the ICE 
gene are coUected from the packaging ceUs, which now are caJled producer 

Fresh media is added to the producer cells, and alter . appropnate incubation 
period media is harvested from the plates o, confluent producer cells. The media, 
contanung the infectious viral particles, is filtered through a Millipore fOter to remove 
aetached producer ceUs. The filtered media then ,s used to .feet fibre b ast celi. 
Media is removed from a sub^onfluent plate of fibroblasts and quicfcly repiaced w«h 
d. filtered media. Polybrene (Aldnch, may he included ,n the media to fac,l.,te 
^ After appropnate incubaoon, me media ,s removed and rep aced w^ 
fresh media If the t IK r of v to s is high, then v ta ual,y a, fibroblasts w,„ be mtected 
md no selecuon is required. If the titer is low. th en „ ,s necessary to use a retrov.ra. 
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vector that has a selectable maAer, such as aeo or tus, to select out traduced ceUs for 

expansion. 

Engineered fibroblasts then may be injected into rats, either alone or after 
having been grown to confluence on micxocarrier beads, such as cytodex 3 beads. T^e 
injected fibroblasts produce ICE LAP-6 product, and the biological actions of the 
protein are conveyed to the host. 

It will be clear that the invention may be practiced otherwise than as 
particularly described in the foregoing description and examples. 

Numerous modifications and variations of the present invention axe possxble m 
light of the above teachings and, therefore, are within the scope of the appended 
claims. 
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